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Being a PLAINandEASY 


INTRODUCTION 


TO THE 


MATHEMATICKS. 


In EI v E Paare 


IZ. 


I. Arichmetick, Vulgar and Decimal, with all the uſeful Rules ; 
And a General Method of Extracting the Roots of all Single Powers, 


IT. Algebꝛa, or Arithmetick in Species; wherein the Method of 
{| Raiſing and Reſolvin . is rendered Eaſy; and illuſtrated with 
Variety of Examples, and Numerical Queſtions. Alſo the whole 
| Buſineſs of Intereſt and Annuities, & c. performed by the Pen. 


III. The Elements of Geometry, contracted, and Analytically 
demonſtrated; with a New and eaſy Method of finding the Circle's 
Periphery and Area to any aſſigned Exactneſs, by one Equation i 
Alſo a New way of making Sines and Tangents. 


IV. Conick Sections, wherein the chief Properties, &c. of the 
Ellipſis, Parabola, and Hy perbola, are clearly demonſtrated. 


V. The Arithmetick of Infinites explained, and rendered Eaſy ; Y 3] 
with it's Application to ſuperficial and ſolid Geometry. 


With an APPENDIX of Practical Gauging, 
By oF 2 H N 2 4 R DX 


The SEVEN TH E DITION, carefully Conedted, 


EE 


— 


To which is now firſt added, 


A SUPPLEMENT, EE ee 
IT and an IN DEX to the whole Work. 


1 
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To the HonouUuRaBLt 


Sir RICHA RD GROSVENOR, of 


Eaton, in the County Palatine 
of CON; Baronet. 


SIR, 


HEN requeſted by Cave Bookſellers in 

London, to Reviſe _ Prepare this Trea- 

tiſe for a New Impreſſion, and once re- 

ſolved to anſwer their Demands - I was not long 
conſidering at whoſe Feet to lay it. 

My Memory may indeed be impaired by Age, 

Misfortunes, and Accidents; nay, I am ſenſible it 

is ſo: But it muſt be entirely loſt, when I am 


forgetful of the great Obligations I lie under to 


Sir Richard Groſvenor. 

Your Hoſpitality and Generoſity make you ſtand 
unenvied in the Abundance of Fortune. Any Up- 
ſtart may contrive to ſpend a Great Eſtate; but it 
is a Felicity almoſt peculiar to Great Birth to become 

One. 


Were I now to deſcribe Liberality, without Pro- 


fuſeneſs; Steadineſs in Principles, without any pri- 
vate View; Candour and Affability, Good Nature 


joined to ſound Judgment, and a Serenity of Tem- 
per, which your Enemies will always find the Com- 
panion of true Courage; and then pronounce that 
you are poſſeſſed of all theſe good Qualities in as 
high a Degree as moſt Men living; No Gentleman 
that you well, would think I flattered you. 


Aa. Sir, 
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The DE DI CATI. oO N. 
Sir, Give me Leave to ſay, I honour your Cha- 
racter, and love your Perſon; My Expreſſions are 
uncourtly, my Stile unpoliſhed, and therefore more 
proper to be prefixed to a Work wherein the Matters 
related are indeed clad in a plain and homely Dreſs; 
but they are true, and defigned to propagate Ma- 


thematical Learning among ſuch as deſire to be in- 
troduced into that Sort of Knowledge; and I am 
': extreamly pleaſed they are permitted to be ſent into 
| the World under your Protection. | 
} That you may long live, to promote the Good 


of your Country, and that City in whoſe Intereſt 
you have ſo heartily engaged your Self; and that you 
x may ever ſucceed in your own private Affairs, and 
| tive to enjoy all the Bleflings that attend a quiet 
8 prudent Life, is the earneſt Prayer of, 


Honoured S T1 R, 


Your moft Obliged, Humble, 


and Obedient Servant, 


J. WAR D. 
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To the R E A D E R. 


T nit it needleſs (and almoſt endleſs) to run over all the 


Y OUſefnineſt, and Advantages of Mathematicks in General; and 


ſhall therefore only touch upon theſe two admirable Sciences, 
Arithmetick and Geometry ; which are indeed the two grand 


Pillars (or rather the Foundations) upon which all other Parts of 
Mathematical Learning depend. | ED 
s to the Uſefulneſs of Arithmetick, it is well known that no 
Buſineſs, Commerce, Trade, or Employment whatſoever, even from 
the Merchant to the Shop-keeper, &c. can be managed and carried 
on, without the Aſſiſtance of Numbers. : 
And as to the Uſefulneſs eee it is as certain, that no 
curious Art, or Mechanick-t 
or performed, without it's aſſiſting Principles; tho perhaps the 
Artiſt, or Workman, has but little (nay, ſcarce any) Knowledge in 


Geometry. 


Then, as to the Advantages that ariſe from both theſe Noble 


Sciences, when duly joined together, to aſſiſt each other, and then 


apply'd to Practice, (according as Occaſion requires) they 1o1ll 
readily be granted by all who conſider the vaſt Advantages that 


accrue to Mankind from the Buſineſs of Navigation only. As alſo 
from that of Surveying and Dividing of Lands betwixt Party and 


Party, Beſides the great Pleaſure and Uſe there is from Time- 
keepers, as Dials, Clocks, Watches, &c. All theſe, and a great 


many more very uſeful Arts, (too many to- be enumerated here) 


wholly depend upon the aforeſaid Sciences. 
And therefore it is no Wender, That in all Ages ſo many Ingenious 


and Learned Perſons have employed themſelves in writing upon the 


Subjeft of Mathematicks ; but then moſt of theſe Authors ſeem to 


preſuppoſe that their Readers had made ſome Progreſs in that Sort of 


Learning before they attempted to peruſe thoſe Books, which are 
generally large Volumes, written in ſuch abſtruſe Terms, that young 


Learners were really afraid of looking into thoſe Studies. 


Theſe Conſiderations firſt put me (many Years ago) upon the 
Thoughts of endeavouring to compoſe ſuch a plain and familiar In- 
troduction to the Mathematicks, as might encourage thoſe that were 


willing (to ſpend ſome Time that Way) to venture and proceed on 


with CBearfulneſs; tho perhaps they were wholly ignorant of it's 
firſt Rudiments, Therefore 1 began with their firſt Elements or 
Principles, | ROT ED 

That 


ork, can either be invented, improved, 
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The PREFACE. 


That is, J began with an Unit in Arithmetick, and a Point in 
Geometry ; and from theſe Foundations proceeded gradually on, lead- 


ing the young Learner Step by Step with all the Plainneſs I could, &c, 


And for that Reaſon 1 publiſhed this Treatiſe (Anno 1707) by 
the Title of the Young Mathematician's Guide; which has anſwered 
the Title jo well, that I believe I may truly ſay (without Vanity) 
this Treatiſe hath proved a very helpful Guide to near five thouſand 
Perſons; and perhaps moſt of them ſuch as would never have looked 


into the Mathematicks at all but for it. 


And not only fo, but it hath been very well received among /t the 
Learned, and (I have been often told) ſo well approved on at the 
Univerſities, in England, Scotland, and Ireland, that it is ordered 
to be publickly read to their Pupils, &c. „ 

- The Title Page gives a ſhort Account of the ſeveral Parts treated 
of, with the Corrections and Addititions that are made to this 
Fifth Edition, whzich I ſhall not enlarge upon, but leave the Rook 
to ſpeak for it ſelf ; and if it be not able to give Satisfaction to the 
Reader, I am ſure all I can ſay here in it's Behalf will never re- 


commend it: But this may be truly ſaid, That whoever reads it 


over, will find more in it than the Title doth promiſe, or perhaps he 
expects it is true indeed, the Dreſs is but Plain and Homely, it being 
wholly intended to inſtruct, and not to amuſe or puzzle the young 


| Learner with hard Words, and obſcure Terms: However, in this 


1 ſhall always have the Satisfaction; That I haue ſincerely aimed 
at what is uſeful, tho in one of the meaneſt ways; it is Honour 
enough for me to be accounted as one of the Under-Labourers in 
charing the Ground a little, and removing ſome of the Rubbiſh that 
lay in the Way ta this Sort of Knowledge, How well I have per- 


formed That, muſt be left to proper Judges. 


To be brief; as 1 am not ſenſible of any Fundamental Error in 
this Treatiſe, ſo I will not pretend to ſay it is without Imperfections, 
(Humanum eſt errare) which I hope the Reader will excuſe, and 
paſs over with the like Candour and Good- Mill that it was compoſed 


for his Uſe ; by his real Well. wuiſber, | 


J. WAR D. 


London October 1oth, 1706. 
Corrected, c. at Cheſter, | 
January zoth, 1722. 
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PRA co G N ITA. 


HE Bufmeſs of Mathematicks, # all it's Parts, both 


according as Occaſion requires. 


may either be. meaſured, or eſtimated. | . | 
By Quantity of Space is meant the Diſtance of one thing from 

another, | „ 5 . 
And by Quantity of Motion is meant the Swifineſs of any thing 


noving from one Place to another. 


The Conſideration of theſe, according as they may be propoſed, are 


the Subjects of the Mathematicks, but chiefly that of Matter. 


Form, and Poſition, which may either be Natural, Accidental, or 
4 Deſigned, will admit of infinite Varieties : But all the Varieties 
q that are yet known, or indeed poſſible to be conceived, are wholly 
¶ comprized under the due Conſideration of theſe Two, Magnitude 
and Number, which are the proper Subjects of Geometry, Arith- 


auh the Branches of theſe three Sciences, or rather their Application 
| * particular Caſes, 15 * 


w B : Geometry 


N 1 


- Mathematicks, | 


Theory and Practice, is only, to ſtarch out and determine 
the true Quantity; either of Matter, Space, or Motion, 


By Quantity of Matter is here meant the Magnitude or Big- 
neſs of any viſible thing, whoſe Length, Breadth, and Thickneſs, 


Noto the Conſideration of Matter, with reſpect to it's Quantity, 


metick, and Algebra, All other Parts of the Mathematicks being. 


A 
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3 FRE COGNITA. | Part I. 


Geometry is a Science b which we ſearch out, and come to 
know, either the whale Magnitude, or ſome Part of any propoſed 
Quantity; and 7s to be obtained by comparing it with another known 
Quantity of the ſame Kind, which will always be one of theſe, 
viz. A Line, (or Length any) A Surface, (that is, Length and 
Breadth) or a 7 Solid, (which hath Length, Breadth, and Depth, 
or Thickneſs) Nature admitting of no other Dimenſs ions but theſe 
Three. 

Arithmetick is a Science by which we come to know what 
Number of Quantities there are (either real or imaginary) of any 
Kind, contained in another Quantity 1 fame Kind: Now this 


Conſideration is very. different joe that of Geometry, which is 
only to find out true and proper Ze i ll 2 all 8 Dueſtions as 
demand, how Long, how Broad, how Big, But when we 


conſider either more Quantities than one, or _ often one Quan- | 
tity is contained in another, then we have recourſe to Arithmetick, 
which is to find out true and proper Anſwers to all ſuch Dueſtions as 
demand, how Many, what Number, or Wuala of 4 
there are. To be brief, the Subject of Geometry is that of Quan- 
tity, 202th reſpect to it's Magnitude only ; and 4 Subject of Arith-- 
metick is Quantities with reſpect to their Number only. 

Algebra 7s @ Science by which the moſt abſtruſe or difficult | 
Prone either in Arithmetick or Geometry, are Reſolved and 
Demonſtrated ; that is, it equally interferes with them both; 
and therefore it is promiſcuouſy named, being ſometimes called 
Specious Arithmetick, as by Harriot, Vieta, and Dr Wallis, &c, 
And ſometimes it is called Modern Geometry, particularly the in- 
genious and great Mathematician Dr Edmund Halley, Savilian 
Profeſſor of Geometry in the Univerſity of Oxford, and Royal 
Aftranomer at Greenwich, giving this follnwuing Inftance of the Ex- 
cellence of our Modern Algebra, writes thus. 

* The Excellence of the Modern Geometry (faith he) is in 
c nothing more evident, than in thoſe full and Adequate Solutions 

© it gives to Problems; repreſenting all the poſſible Caſes at one 
s view, and in one general Theorem many Times comprehending 
© whale Sciences; which deduced at length into Propoſitions, and 
* demonſtrated after the Manner of the Ancients, might ll be- 
come the Subjects of large Treatiſes : For whatſoever Theorem 
6 folves the moſ# complicated Problem of the Kind, does with a 
due Reduction reach all the ſubordinate Caſes.” Of which hs 
gives a notable Inſtance in the Doctrine of. Dioptricks 1 nding 
the Foci of Optick Glaſles n ide . 1 
actions, Numb. 205.) 


SS, 


—— | | = 3 
Chap. 1. Of Thannzs, iy 3 
Thus you have: a ſhore and general Account of the proper Subjects 


of thoſe three noble and uſeful Sciences, Arithmetick, Geometry, 
and Algebra. I. ſhall now proceed to give 4 particular Account of 
each; and fir/t of Arithmetick, which is the Baſis or Foundation 
of all Arts, both Mathematick and Mechanick ; and therefore it 
ought 10 * well e before the pode are meddled withal, 
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CHAP. I. 


ew the ſeveral Parts of Arithmetick, with the De. 
Jen 7 oo Characters as are uſed i in this 7 er 


— 


hmetick, or the Art of an is fitly divided into 
three 2 Parts, two of which are properly called Natu- 
ral, and the third Artificial. 

The firſt, being the moſt plain and eaſy, is commonly called 
Pulgar Arithmetich in whole Numbers; becauſe every Unit or 
Inieger concerned in it, repreſents one whole Ruantity of ſome 
Species or thing propoſed. 

The ſecond is that which ſuppoſes an Unit (and conſequently 
the Quantity or thing repreſented by that Unit) to be Broken or 
Divided into equal Parts (either even or uneven) and confiders 
of them either as pure Parts, vis. Each leſs than an Unit, or 
elſe of Parts and Jategers intetmixt. And is uſually called the 
Doctrine 7 Vulgar Fraftions. 

The third, or Artificial Part, is called Decimal Avithmutich ; 
being an Artificial Invention of managing Fra#imns or Broken 
Numbers, by a much more commadious and eaſy Way than that 


Aut 


of Vulgar Fractions: For the ſeveral Operations performed in 


Decimals, differ but little from thoſe in Mhbole Numbers + and 
therefore it is now become of general Uſe, eſpecially in Geome- 
trical Computations, 

Arithmetick (in all it's Parts) is performed by the various or- 
dering and diſpoſing of Ten Arabick Charadters. or Numeral Fi- 
gures (which by ſome are called Digits). 


os f Two, Three, Four, Five, Six, Seven, 8 Abe, Nine, mne. 
! 8 


The Uſe the e Charadters i is ſaid to be firſt introduced into 
England Jo 2 Years ago, viz. about the Tear 1130, 
nde Dr Wallis's — Page 12. 

B 2 : The 


4 Arithmetick. Part I. 
The firſt of theſe Characters is called Unity, and repreſents one 
of any Kind of Species or e. As one World, one Star, 
one Man, &c. 
Vi. Unity is that by which every thing that is, is called one, 
(Euclid 7, Def. 1.) and is the beginning of all Numbers. That 
is to ſay, Number is a Multitude of Units, Euclid 7. Def. 2. 
For, one more one, makes Two; and one, more one, more 
one makes Three, Se. Which is the ff and we Poſtulate, or 
rather Axiom to Arithmetick, 


* That 1+1=2, ibr=3. ili. 
a» 2 j eee "And ſo on to 9. 


Nine of theſe Figzres were thus commuted of Units, and dif- 
ferently form'd to repreſent ſo many Units put together into one 
Sum, as was intended each ſhould denote: Nine being the greateſt 
Number of Units that was then thought convenient to be expreſſed 
by one ſingle Character; the laſt of the Ten is only a Cypher, or 
(as ſome phraſe it) a Nothing, becauſe of it ſelf it ſignifies no- 
thing; for if never ſo many Cyphers be Added to, or Subſtracted 
from, any Number, they can neither increaſe nor diminiſh that 
Number; but yet, as a-Cypher (or Cyphers) may be placed, the 
other Figures will become of different Values from what they 
were before, as will appear further on. 

For the more convenient ordering of the abend Numeral 
Figures, according to the ſeveral Varieties that happen in Compu- 
zations ; I do adviſe the young Learner to acquaint himſelf with 
the Signification of the following Algebraick Signs or Characters, 
which he will find of excellent Uſe, as being a much ſhorter, 
better, and more ſignificant Way of denoting what is to be done 
(in maſt Operations) * can otherwiſe be expreſſed 1 in Words 
at W | | | 


LY 


- 


Significations. 


""_= Name: Phe Sign of Addition; as 87 is 8 more 7, 
and ſignifies that the Numbers 8 and 7 are to 
be added into one Sum. The like is to be un- 

4 {oy or C derſtood when ſeveral Numbers are connected 

more. together with the Sign +. 
As 34+22-9+453 &c. denotes theſe are 
all to be added into one Sum. 


T be 


1. —— 2. _Of Charaders. = 5 


one 
ar The Sign of S. hakin; as . is 9 ile | 
5 _} $ Min Fn , and Conifies that 6 is to be taken from 9» | 
ne, or leſs. that ſo their Difference may be found, | 
hat 
The Si n of Multiplication; as 9X6, is 91 in- 
ore TIT YT * 6, 0 that 9 is a be Multiplied 
or * into or with 6. | 
The Sign of Diviſion z as 8 ＋ 2, is 8 by 2, 
=4 4 ; By. and ſignifies that 8 lo. to be Divided by -2, alſo i 
11 thus 2) 8 (4 or thus 2 each ſignifying the ſame | 
thing, to wit, 8 Divided by 2. 
dif- 
one The Sign of E quality or E anation, viz. when | 
teſt | ever this Sign S is placed betwixt Numbers * : 
led F . Quantities) it denotes them to be Equal, as 2 
or _ 9=9, or g9-4-6==15, or g—6=3, Sc. That i 
no- is, 9 is Equal to 9, or 9 more 6 is Equal to 15, 
ted -and 9 leſs 6 is Equal to 3, 9, 
hat ; 
the „ The Sign of Proportion, or that commonly | 
hey called the Golden Rule, or Rule of Three, and 
: 1 80 10 is always placed betwixt the Two middle 
ral 14 — Terms or Numbers in Proportion, Thus 
pu- Y : 6:24. To be read thus; as 2, is to 8; 
rith o is 13 to 24. e 


ter, Theſe Signs and their Significations, being rate learnt, 
one will nah to ſhorten the Work. 


rds 
C H A P. 1 
150 Concerning the Principal Rules in Arithmetick, and bow 
3 they are performed in Whole Numbers, 
Cted 


1 HE Rules 5 which Numerical Gee are perform'd 
in all the Parts of Arithmetic, are many and various, 
ſeveral of them being form'd and raiſed as Occaſion requires, 
when applied to Practice; yet they are all comprehended within 
the due Conſideration of _ Six, viz. Numeragion (or Now: 


4 * | 
Xs 3 x. _ —d — 


ol Atithmetick. 3 


ciom) Advition, >ubfrracion Pultiplicaion Diviſion, and 
Evolution, or Extraction of Roots, 725 


2 1 N . mn a. id. 


* * pt » _ ns... a 1 


Sect. 1. 07 Numeration or Fotation, | 


Numeration or Notation, teacheth to Read or Expreſs. the 
true Value of any Number when writ down; and conſequently 
to write down any propoſed Number according to it's true Value 
when it is named: And this conſiſteth of T'wo Parts. 0 


1. The due Order of placing down Fi ;gures, 
2. The true valuing of each Figure in it's Place. 
* which are plainly exhibited in the en Table. 


1 


* —_ tha * 4 


u 


Millions, 
4 


lions 


ands 


of 
e 


Hundreds of Thouſ: 
of 
illions 
Hundreds of Thaufands 


Tens 
oo Thou 


Millions 
* — 


tons 


nds 
Ai lli 
cunt! 


And is the firſt Place in 


Thouſands 


of 
ſands 


 Hunareds 


of Th 
ſands 
Hundreds 
Tens of 
Thou 
Tens 


oO 

o Tenso 
Ai 

hunt 3. 7 


7 1 6 5 41 32 | 
| eriod of | Period of 
Thouſands Millions. Tbou- U, nits, 

it Million, | 2 


—_— 8 - * — 


By this Hume 7 able it is apparent, ale the Order of 
Places i is reckoned from the Right-hand towards the Left; the 
firſt Place of any Number being always that which ” the 2 
moſt Figure to the Night- hand: and whatever 3 
that Place, doth only ſignify it's own ſimple "alue, ws, + 
many Units as that Figure repreſents. . | 

The fecond Place is that of Tens, and any 1 ſtanding in 
that 'Place ſignificth ſo many — 25 that — repreſents 125 

c 


0c cc 


— «s 4 «as a two p—_—Y C—= IT 


a 4a «a 


— Chp.2. Of Numeration. 7 
— be third Place is Hundreds, the fourth, Place 8 Kc. 
and That is, each Place towards the Left- hand is Ten Times the 
value of that next it, towards the Right. 
| For Inſtance, ſuppoſe 7 5 Arty propoſed to be read or pro- 
— {nounced according to the Value of each Figure as they now 
ſtand. The firſt Figure in this Sum is g, becauſe it ſtands in 
the Place of Units, and therefore ſignifies but it's own ſimple Va- 
ue, to wit, 9 Units, or 9. The ſecond Figure 5 ſtands in the 
the Place of Tens, and therefore ſignifies Five Tens or Fifly, The 
Figure 7 ſtands in the third Place, or Place of Hundreds, and 
— . it ſignifies Sven Hundred; and the whole Sum is to be 
read or pronounced thus, Seven Hundred Fifiy Nine. 
Note, Although the Figure 7 ſtands in the third Place (accord- 
ing to the Order of Numbering) yet when the whole Sum comes 


to be read, it is firſt pronounced; the reading of Numbers being 


performed ke that of Letters or Words, always beginning with 
the outmoſt Figure towards the Left-hand, and ſo many Figures 
| as are placed together without any Point, Comma, Line, or other 


Note of Diſtinction between them, are all but one dum, and 


muſt be read as ſuch. 


For Example, 763596 is but one entire Sum or Number, not- 
withſtanding it conſiſts of ſix Places of Figures, and is thus 


read ; Seven Hundred Sixty Three Thouſand, Five Hundred 
Ninety Six. 


The like is to be obſerved in reading or cialis the true 


Value of any Sum or Rank of Numbers conſiſting of Seven, Eight, 
Nine, or more Places of Figures, each Figure being to be valued 


| according to it's Diſtance from the Place of Unity : As | in the 


foregoing Table, 


Now ſuch Values may as well ariſe by Cyphers, as by other 


Figures; for inſtance, 6 ſtanding by it ſelf, repreſents but Six 
Units : But if a'Cypher be annext to it thus, 60, then it becomes 


Sixty; for the Cypher poſſeſſing the Place of Units, hath thereby _ 
removed the 6 into the Place of Tens; and another Cypher more 


would make it 600, Six Hundred, &c, 
Whence it may be noted, that although a Cypher of it ſelf 


by advancing it into a higher Place than other wiſe it would have 
been, had not the Cypher been there. 


in the Table) viz, 678987654321, which Is, according as is 
ata _— 


Six 


ſignify nothing (as. bath been ſaid before) yet being placed on the 
Right-hand of any Figure, it augments the Value of that Figure 


Take one Example more in Numeration if you pleaſe, that 


_ "  - Arſthmetick. —  & Fut 


| Six Hundred Seventy Eight Thouſand 7 Millions, = 
Nine Hundred Eighty Seven Millions, | 
Six Hundred Fiſiy Four Thouſand, 
Three Hundred Twenty One Units, Of any propoſed ali 
Or Quanties whatſoever. 
And here it may be obſerved, that every third Figure from the 


Place of Units, bears the Name of Hundreds; which ſhews that 


if any great Sum be parted, or rather diſtinguiſhed into Periods, 
of Three Figures in each Period (as in the foregoing Table) it 
will be of good Uſe to help the young Learner in the eaſier 
valuing and Rs. that Sum. 


— 


Set. 2. Of Addition, f 
Poftulate or Petition, 


That any given Numbcr may be increaſed or made mare, by putting 
another Number 7 it. 


Addition is that Rule by which ſeveral Numbers are collected 
and put together, that ſo their Sum or Total Amount may be 
known. 

In this Rule Two things being carefully obſerved, the Work 
kan be eaſily performed. | 


The firſt is the true placing of the 8 fo as that 


Fs Figure may ſtand directly underneath thoſe Figures, of the 
ſame Value, viz. place Units under Units, Tens under Tens, and 
Hundreds under Hundreds, &c. 
| Then underneath the loweſt Rank (always) draw a Line to 
ſeparate the given Numbers from their Sum when it is found. 
Example, If theſe Numbers 54327, and 2651, were given to 
be added together, they muſt be placed 
54327 6 
Thus, "11 4 ED | 
. The ſecond thing to be obſerved is the due Collecting or 
Adding together each Row of Figures that ftand over one ano- 
ther of the fame Value: And that is thus performed. 


Na 


Always begin your Addition at the Place of Units, and Add 
together all the Figures that fland in that Place, and if their Sum 
be under Ten, ſet it down below the Line underneath it's own 
Place; but if their Sum be more than Ten, you muſt ſet down 
only the overplus, or odd Figure above the Ten (or Tens) and ſ⸗ 
many Tens as the Sum of thaſe Units amount to, you muſt Oy 


— 


I, 
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Chap. 2. | 
to the place of Tens; Adding them and all - the Figures that 


fland in the place of Tens together, in the ſame manner as thoſe 


of the Units were added; then proceed in the ſame order te the 


place of Hundreds, and fo on to each place until all is done. 


The Sum ariſing from thoſe Adaitions will be the Total A- 
mount required, | N 5 


| EXAMPLE I. 
Let it be required to find the Sum of the aforeſaid Numbers, 


iz. 54327 Is 


2651 
3 56978 the Sum required. | * 
Beginning at the place of Units, I fay 1 and 7 is 8, which 


being leſs than 10, J ſet it down (according to the Rule) under- 
neath its own place of Units ; and then proceed to the place of 
| Tens, ſaying 5 and 2 is 7, which being leſs than 10, I ſet it down _ 
underneath its own place of Tens, and proceed to do the like at 

the place of Hundreds, and then at Thouſands, ſetting each of 
their Sums underneath their own reſpective places: Laſtly, be- 
cauſe there is not any Figure in the lower Rank to be added to 


the Figure 5, which ſtands in the place of Ten Thouſands, in 
the upper Rank, I therefore bring down the faid 5 to the reſt, 
placing it underneath its own place, and then I find that 
54327 +2651=56978, the true Sum required. | | 


OO EXAMPLE 2. 
Suppoſe it were required to find the Sum of theſe Numbers, 


3578+496+742+184+95. Theſe being placed, .as before di- 


rected, will ſtand as in the Margin. Then beginning (as before) 


at the place of Units, ſay 5 and 4 is 9, and 2 is 11, and 


6 is 17, and 8 is25 ; ſet down the 5 Units underneath its 3578 
own place of Units, and carry the 20, or two Tens, tothe 496 


| place of Tens (at which place they are only 2) ſaying, 2 742 


and 9 is 11, and 8 is 19, and 4 is 23, and g is 32, and 7 184 
is 39; ſet down the ꝙ underneath its own place of Tens, 95 
and carry the 30, or three Tens (whch indeed is 300) —— 
to the place of Hundreds, at which place they are but 3, 5095 
ſaying, 3Icarry and 1 is 4, and 7 is 11, and 4 is 15, and 

5 is 20; here becauſe there is no Figure overplus (as before) I ſet 
down a Cypher underneath the place of Hundreds, and carry the 
2 Tens (or rather the 2000) 5 the place of Thouſands, 2 


a. hs. 1 — 


fo Arithmetick. Part 1. 
(as before) 21 carry and 3 is 5, Which being the laſt, I ſet it 
down underneath its own place, and all is finiſhed. And find the 


Sum or Total amount to be 5095=35784496-+742+184+95. 
If this Example be well conſidered, it will be ſufficient to 


ſhew the uſual Method of Addition in whole Numbers; but to | 


make all plain and clear, I ſhall ſhew the young Learner the 
| Reaſon of carrying the Tens from one Degree or Row of Figures, 
to the next Superior Degree, which is done purely to fave 
Trouble, and prevent the uſing of more Figures than are really 
| neceſſary, as will appear by the following Method of adding 
together the ſame Numbers of the laſt Example. 


Thus, add together each ſingle 


Row of Figures by it ſelf ; as if there * a 6 
were no more but that one Row, 71412 
ſetting down the Sum underneath its 118 

own place. tals 


- 


The Sum of the Row of Units, is | | 215 
The Sum of the Row of Tens, is 7 
The Sum of the Row of Hund. is |1[7joſo 
The three Thouſand brought down [3Joloſo 


Add 


The Sum or Total Amount as before, is 5095 


From hence I preſume it will be eaſy to conceive the true 
Reaſon of carrying the aforeſaid Tens; and alſo that Cyphers do 
not augment or increaſe the Sum in Addition. (See Page 4.) 

I might have here inſerted a Lineal Demonſtration of this 
Rule of Addition ; but I thought it would rather puzzle than 
improve a young Learner, eſpecially in this place; beſides the 
Reaſon of it is ſufficiently evident from that Natural Truth of 
the Mpbole being Equal to all its Parts taken together, Euclid 1. 
Axiom 19. „ 1 

That is, the Numbers which are propoſed to be added toge- 
ther, are by that Axiom underſtood to be the ſeveral Parts, and 
their Sum or Total Amount found by Addition is underſtood to be 

the Whole. 1 5 

And from thence is deduced the Method of proving the 


Truth of any Operation in Addition, vix. By parting or ſeparating 


the given Numbers into Two Parcels (or more, according to the 
Largeneſs of it) and then adding up each Parcel by it ſelf: For 
if thoſe particular Sums ſo found, be added into one Sum, and 
that Sum prove Equal or the ſame with the Total Sum 2 


881851 


TI 


L. Chap. 2. "Of Subſtraction, n 11 

he found, then all is right ; if not, care muſt be taken to Al 

| and correct the Error, 

to | i 

to W | 

( ply r Sum of theſe Parts is, 12952 

Ve : 4016 

ly Add. 

ng l ; 

= 5 5007 The Sum of theſe, is 9513 
; 160 TY TN — 
The Total Sum of 7 T9 


The Sum of each ot ina 
all theſe Par ts a5 Parcel put wanker | 22465 


** > < 
a : — 


Scat. 3. Of Subſtraction. 
Paſtulate or Petition. 


| That any Number may be diminiſhed, or made Is, by taking 
anather Number from it. 


Sabftra ction is that Rule by which one Number is deducted 
rue Nor taken out ot another, that ſo the . Difference, or 

do Exceſt may be known. 

As 6 taken out of 9, there remains 3, This 3 is alſo the 
this Difference betwixt 6 and q, or it is the Exceſs of ꝙ above 0. | 
han Therefore the Number (or Sum) out of which Subſſration is 
the required to be made, muſt be greater than (or at leaſt equal to) 
of the Subtrahend or Number to be ſubftrafted. 

11. Note, This Rule is the Converſe or Direct con tram to 
5 Addition. 

And here the ſame Caution that was given in Addition, of 
placing Figures directly under thoſe of the ſame Value, viz. Units 
under Units, Tens under Tens, and Hundreds under Hundreds, &c. 
muſt be carefully obſerved ; alſo underneath the loweſt Rank 
there muſt be drawn a Line (as before in Addition) to ſeparate 
the given Numbers from their Difference when it is found. 

Then having placed the leſſer Number under the greater, the 
Operation may be thus performed. 

B he Righ Hand Fi 22 or of U ( 

gin at the t igure or piace nits (as in 
Addition) and take? or jms the lower Figure in that place 
2 


from 


— 


* — * x ab. 8 *. a » 1 
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Artthmetick. Part J. 


fram the Figure Fa flands. over it, ſetting 2. the Reeder 
or Difference underneath its own place, If the Two, Figures 
chance to be Equal, ſet down a Cypher : But if the upper Figure 
be leſs than the lower Figure, then, you muff add 10 to the upper 
Figure, er mentally. call it 10 more than it is, and from that Sum 
ſubſtract the lower Figure, ſetting dnwn the Reniainder (as before 
directed). Now becauſe the 10 thus) added, was ſuppos d to be 
| berrowed from the next ſuperior place (viz. of Tens) in the upper 
Figures, therefore you muſt either call, the, upper Figure in that 
place fi rom whence the 10 was borrowe . one lejs. than really it is, 
or "74 (which is all one, and moſt uſupl ) you "of call the lower 
Figure in that place one more than it really is, and then proceed 
to Subſtraction in that place, as in the former; and fo en 
on from one Row of Figures to another until all be dane. 


EXAMPLE 1. | 
5 * it be 1 to find the Hie, between 6785 and 
4572. That is, let 4572 be [ſub/trafted from 6785. 
Theſe Numbers 88 . down, as | before voy, will 


end” 
6785 
b 4572 


221 1 

Beginning at the place of Unite, wo, 2 from 5 and theke 
will remain 3 which muſt be ſet down underneath its own place, 
and then proceed to the place of Tens, taking 7 from 8, and 
there will remain 1, to be ſet down underneath its own place; 
again, at the place, of Hundreds, take 5 from 7, and there re- 
mains 2, Which ſet down, as beſore; laſtly, take 4 from 6 and 
there will remain 2, which being ſet down underneath- its own 
place, the Work is finiſhed, and the Difference ſo found will be 
| 2213=6785—4572, as was required, 


EXAMPLE 2. 
The Difference between 5849, and 7496 is 3 
laving placed the Numbers as in the Margin, begin... 1 
at the place of Units (as before) and | fay- .g from 6 cannot 7496 
be, but 9 from 16 and there remains 7, to be ſet loẽõon 5849 
under its own place; next proceed to the place of Tens, ——— 
where you muſt now pay the 10 that was borrowed to 1647 
make the 6, 16, by accounting the upper Figure ꝙ in that 
place. one leſs than it is, ſaying 4 from 8 and there remains 4. 
or elſe lnieb is the moſt * ſay 11 borrowed and 4,1 5 
from 


13 


er from 9 and there remains 4, to be ſet down r its own place 5 


es (as before); again, at the place of Hundreds, ſay 8 from 4 that 
re cannot be, but 8 from 14 there will remain 6 to be ſet down; 
der and here I have borrowed 10 (as before) which muſt be paid in 
m the ſame manner as the other Io was, viz. either by calling tho 
"re 7 in the upper Rank but 6, ſaying 5 from 6 there remain, I, 
be or elſe by ſaying 1 borrawed and 5 is 6 from 7 and there remains 
„er 1, which being ſet down under its own place all is done, and the 
at Diference a will be adorn» cabs 549. 


ver ae EXAMPLE. 3. 
eed C From 830476 
2 5 Take 74108 


- Remain 89408 


nd By this — you may perceive that Cyphers in the Sub- 

trahend, viz. in the Numbers to be ſubſtracted, do not diminiſh 

vill the /Vumber from whence Subſtraction is made. See Page 4. | 

Tleſe Three Examples, I preſume, may be ſufficient to ſhew 

the) Learner the Method of Subſiracting whole Numbers; 

as for the Reaſon thereof it is the ſame with that of Addition, 

Page 10, wiz. of the M bole being Equal t all its Parts taken 

1 legen. | 

ere J hat is, in this Rule the Number from which Subftraion is 

ce, M 1:4iired to be made, is underſtood to be the Whole, and the 

nd S--trabend or Number to be ſubſtrafted, is ſuppos'd to be a part 

te; Net chat Whole; conſequently if that Part be taken from the 
re- Whole the Remainder will be the other part. 

ind From hence is deduced the common Method of proving Sub- 

wn radtian, by adding together the Subtrahend and the Remainder. 

be For if the Sum of thoſe Two (which are here called Parts) be 

equal to the Number from whence Subſtrattion was made (which 

is here called the Whole) then the Work is right; if not, care 

muſt be taken to diſcover and correct the Error. 


75 32 * 4 MP * 88 
rom 59435 
Take 47608 

Add 


11827 1 
Proof — The Sum which is equal to the Number from | 
59435 j whence Subſtraftion was made. 


Or 


14 .M Arithmetick. bod Part 1. 


Or from the aboveſaid Reaſon, it will be eaſy to conceive how 
to prove the Truth of Suhffraction by Subſtraction. 1 


For if from 59435 being here the whole, 
there be taken 47608 as part of that whole; 


there will remain 11827 the other part (as before) 5 
And if from 59435 the whole, there be Subhſracted th 
laſt part, viz. - 11827 ZAR | 


there will remain 47608 the firſt part, or Number which was 


required to be firſt Subſtrafed. 


| From 75643 From 7000000 
Take gooo Take 986432 
| Remains 66643 Remains 6013568 


0 


Sect. 4. Of Multiplication. 
Multiplication is a Rule by which any given Number may be 
| ſpeedily increaſed, according to any propoſed Number of Times. 

That is, One Number is ſaid to Multiply another, when the 
Number multiplied :s % often added to it ſelf, as there are Units 
in the Number multiplying ; and another Number is produced, 
{Euclid 7. Def. 15.) 


To perform Multiplication, there is required two given Num- 


bers, called Factors. | 
The Firſt is the Number to be multiplied, which is generally 
put the greater of the Two Numbers, and is commonly call'd 
the Multiplicand. | 
The other is that Number by which the Firſt is to be multi- 
plied, and is uſually called the Multiplicator or Multiplier; and 
this denotes the Number of Times that the Multiplicand is required 
to be added to it felf, For fo many Units as are contained in the 


Multiplier, fo many times will the Multiplicand be really added 


to it ſelf (as per Euclid above). And from thence will ariſe a 
Third Number, called the Product. But in Geometrical Opera- 
tions it is called the Rectangle or Plain. | LOT 

'For inſtance ; ſuppoſe it were required to increaſe 6 four 
times, that is, to multiply 6 into or with 4. Theſe two Number: 
ars to be ſet (or plaerd) down as in Addition or dubſtraction, 


T hus 
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6 Multiplicand, 
4 Multiplier, 


Thus For Factors. 


Product 24 viz, 4 times © is 24, as s plainly appears 
by Addition, viz. By ſetting down 6 four |1 |6 
times, and then 5 them together! into one 2 6 
Sum, Thus 3 6 
4 [6 
From hence it is evident that Multiplication — — 
is only a Conciſe or Compendious Way of ad- 24 
a: ding a given Number to it ſelf, ſo often as any Number of 
Times may be propoſed. 

Before any Operation can be readily performed in Mutiigli- 
cation, the * Products of the ſingle Figures one into ano- 
ther muſk be perfectly learn d by Heart, viz. That 2 times 2 is 
4, that 3 times 3 is 9, and 3 times © is 18, Sc. According as 
they are expreſſed in the following Table; wherein I have 


omitted multiplying with 2, it being ſo very eaſy that any one 
| may do it, 


Add 


he 


Multiplication Table. 


3x 0==1B 
Zx7=21 
3x8==24. 


4xX5=20 
4x0=24 
4x7=28 
4x 8 232 


| [3x3= 9[4x4=1615x5=25 
\3x4=12 
[3x5=15 


5x6=JO 
5x7==35 
Gx8==40 
5x9=45 


4x9==36 


— 


| 


Ox 6=306 
0x7 =42 
6x8=48 


Oxg=5 . | 


7x7=40 8884 
785 = 2 
7x9=63 


9 3x9=81] 


B 


1 think it needleſs to give any Explanation of this Table; 


m- 

for if the Signs and their Significations be well underſtood, (vide 
lly page 5) it muſt needs be eaſy. Only this my be noted, that 
d 4x3=3%4, or 7x5=5x7, G. 

Thar is, 3 times 4 is the ſame with 4 times 3, or 5 times 7 
lis is the ſame with 7 times 5, Cc. The like muſt be underſtood 
and or all the reſt in the Table. 
red And when all theſe ſingle Products are ſo perſectly learn'd 
the by Heart, as to be ſaid without pauſing ; you may then proceed 
ded (but not till then) to the Buſineſs of Multiplication ; ; which will 
le a de found very eaſy, if the following Rule (and Examples ) be 
ra- I carefully obſerved. 

RULE. 
- Always begin wk that Figure which Hand. in the Voits "YN 


7 the Multiplier, and with it multiply be Figure whib Hande 


in 


16 Arlithmetick. Par I 
in the Units place « the Multiplicand ; ; if their Product be 27 
than Ten, ſet it down underneath its own place of Units, and 
proceed to the next Figure of the Multipheand. But if their 
ProduCt be above Ten (or Tens) then ſet dawn the Overplus only 
(or odd Figure, as in Addition) and bear (or carry) the ſain 
Ten or Tens in mind until you have multiplied the next Figure 
of the Multiplicand, with the ſame Figure of the Multiplier; 
then to their Product add the Ten or Tens carried in mind, ſet- 
ting down the Overplus of their Sum above the Tens, as before: 
and ſo proceed on in the very ſame manner, until all the Fi- 
gures of the Tu OPUS are multiplied _ that Figure 7 the 


macs, 19h 
EXAMPLE I. 
Suppoſe it were required to multiply 3213 into or with 3: 


3213 Multiplicand, 
| 3 Multiplier, 1 Tacur: J. 


—— — 


Produ 9639 


Beginning at the Units place, ſay 3 times 55 is 9, which, be. 


cauſe it is leſs than Ten, fet down underneath its own place, 
and proceed to the next place of Tens, ſaying 3 times 1 is 3, 
which ſet down underneath its own place; then to the next place, 
viz. of Hundreds, ſaying 3 times 2 is 6, which ſet down, as 
beſore; laſtly, at the place of Thouſands, ſay 3 times 3 is 9, 
which being ſet down underneath its own place, the Operation 
is finiſhed ; and the true Product is 9039=3213x3, as was re- 


quired. 
B XAMPLE 2. 

Let it be required to multiply 8569 into 8, Set down theſe 
Numbers as before, 
Th 8 8563 

68552 Ln 

Beginning at the Units place, ſay 8 times 9 is 72, ſet down 
the 2 underneath its own place of Units, and bear the 70, or 

Tens in mind, and proceed to the next Figure of the Mulli- 
plicand (at which place the 7 Tens are on 7) ſaying 8 times 
6 is 48, and the 7 carried in mind is 55; ſet down the odd 5 
underneath its own place of Tens, and carry the 50 (which is 
really 500) to the next place (viz. of Hundreds) at which 
place it is only 5, where ſay, 8 times 5 is 40, and the 5 car- 
Tied in mind is 45 ; ſet down the 5 underneath its own place, 


and carry the 40 or 4 Tens (which is really 4000) to the 
I next 


be. | 


ace, 
Jz 
ace, 
"5 
3 0, 
tion 
re- 


beſ 


be carefully obſerved. 


Chap. 2 Of Puiltipſication, 17 
pext place, vis. of Thouſands, fayiog, 8 times 8 is 64. and 4 
carried in mind is 68, (No this being the Jaſt Place or Figyre 
to — mult;phieg) Set down the whole Product 68, and the Work 
is done. | 
So that, 8 569x836855 25 the product required. 
Now the Reaſon of this aud all other the like Dees, may 


pe eaſily conceived from this which follows, 


8s 21 The fame 2 as before. 


F Here 81 times 9 is 72, as before, beczuſe hs 9 | 
[7% ftands in the Units place. 
| Now heye it is not teally 8 times 6=48, but it is 


8 times bo=g80, becauſe the 6 ſtands in the place of 5 


Tens. 
And here it is not 8 times Sergo, but it's really 
Js times 500==4000, becauſe the 5 ſtands in the place 
of Hundreds. 
Laſtly, becauſe the 8 1 in the Multiplicand ſtands 
5 TE the place. of the Thy 1 it is N times 
800064000, and not 8 times =64. 
. The Sum of the particular Pradulin which gives 
5 32 4 che true Product, as before, 


By what hath been already ſaid, with a lietle Conſideration 
had to the Eæamples, I preſume the Learner may eaſily under- 


[ſtand how to multiply whole Numbers with any ſingle Figure. 


And when it is requir'd to multiply with more than one; then 


ſo many Figures as there are in the Multiplier, 1 many parti- 


cular Products there muſt be. 


That is, all the Figures of the Multiphcand muſt be multi- 
plied with every ſingle Figure of the Multiplier, as if there were 


but one ſingle F igure and the Sum of all thoſe particular Pro- 
dulis, will be the true Product required. 


But in thoſe Opera- 
250 the particular 

in their proper 

the fol ning 8 


tions, great Care muſt be taken in ſetti 
Products (which ariſe by each maltiplhin 
places. Which will be caſily Ve, 1 


Always _ the br Figure (or Cypher) of (every 

Viz, Je Product, directly underneath the multiplying 

Figure. Or thus: 

The Firſt Figure (or Cypher) © the fecond particular Pradut 
muſt land di rectly under the ſecond Figure (or place) of the 
lig Product; and the we. - igure (or Cypher) of the Third 

| particular 


_— 


*B Athmer. Par! 


pervicular Product, pare” fland direct h underneatb the Third 
my igure of the Firſt product: And ſo on until all is done. 


Nov the Reaſon of placing the firſt Figure of every particulzf 


Produ# i in their Order, will be very obvious to any one thx 
conſiders the laſt Example; wherein the Cyphers are only ſet 


down to ſhew the true Diſtance of the firſt Figure in each! 


particular Product from the Units place. And altho' it is not] 
uſual to ſet down Cyphers in this manner; yet they are always 


ſuppos'd to be there: That is, their Places are always left void, 
as in the two following mars wah : Wenn I have ur Paint 
inſtead of Cyphers.” | | 


E M 5 L E 3. 
er it be required - to multiply 78094, into or mid 7 s 


78094 
75633 Laa ö 


4 | — — 


2 * 
8 bk 
- 4 


234282 The Firſt articular Produr with | | 3 


468564 The Second particular Product witn 60 
390470. The Third particular Product with 305 
546658. * he Fourth particular Product with * 7000 


8 Tbe Total, or true Product required. 


EXAMPLE 
Sibel it be required to e 57498 into 6ooo8. 
$7498 _ 
oo 
N The Produ's x with h 8 
344988... . The Produdt wien 6oooo 


3450339984=57498 * 60008, as was required. 


Here you may obſerve, that I TP over the Cyphers, and only 
take care of placing the firſt Product of the laſt Figure, viz, of 
60000 according to the foregoing Directions. 

When there is a Cypher or Cyphers, to the Right-hand either 
of the Multiplicand or Multiplicator, or to both; in that cal: 
multiply the Figures as before; neglecting the Cyphers unti 
the particular Products are added together; Then to their Sun 
annex ſo many n as are in either or * both the Factor. 
As in 9 


EAI 


the 


2 _—— 055 Bultiplication, _ OD 


— 


Du EE 5. EXAMPLE 6. EXAMPLE 7. 


9538 ELLIS - a8 785 
= 79 56900 
1457238: | 2000-6. 7065 
38152 6132 "7 4710 
2 oe 5 
ide po id 
| 44666500000 | 


E ate a few Examples without their Work at large. 


75649870 43800771 
687000 356 22445 7 20o0 
5 $30674x45007=238840447 18 
7901375 30000 237041250000 Ss 
537084000x590700=317255518800000 | 
102030405 x504030201=51426405540261405 
CC 


Note, If it be required to multiply any Number with 10, 
100, TOOO, Io000, Cc. it is only annexing the Cyphers of the 


Multiplier to the Figures of the Multiplicand, and the Work is 
done. 


e 57 8K10 5780. 578X100 =578000 _ 
af 578510057800 $78x10000==5 780000, Ke. 


Theſe Examples ( being nil underſtood ) are ſufficient to 
inſtruct the Learner all the Varieties that can happen in multipiy- 
ing of whole Numbers, according to the Method generally prac- 
tiſed: However it may not be amiſs to ſhew here how Multiplica- 
tin may be JETER (with many Figures) by Addition _ 


EXAMPLE. 


Let it be required to multiply 179684 into 79863. 
In order to perform this (or any other Operation of this kind) 
by Addition only; you muſt make a Tariffa or ſmall Table of 

the given Multiplicand, in this manner: 
Fir/t, Make a ſmall Column, and in it place gradually down- 
ward the Nine ſingle Figures ; viz. Iz 2, 3, 4 53 Sc. 


5 Then 


— — Go; . 4 


: * 
1 
p 
357 
, 
4 N 
1 1 
: : 
t : 
{ 
| ; 
U 
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Part l. 


— 


n 
F » 9 
„ — 


Then againſt the Figure 1, ſet down the Multiplicand 


(which in this Example is 899654) and againft the Figure 2, 


ſet down the double of the Multiplicand, found by adding 


it to it ſelf; To this double add the Multiplicand, ſetting 
down their Sum againſt the Figare 3. And 


ſo proceed on by a continued Addition until 11 87965, 
there be Ten times the Multiplitund in the 2759308 
Table; which if the Work is true, will be the 32638962 
Multiplicand it felf with a Cypher to the 4 3518616 
Right-hand of it, as in the annexed Table. 54308270 
This being done, it will be eaſy to conceive, 615277924 
that the Figures in the ſmall Column of the & 6157578 
Table, do feſpectively repreſent thoſe of the 857037232 
Multiplier : And that the Numbers againſt 97916886 
any of thoſe Figures in the fmall Column; will Fo 8790540 | 


be the true Product of the Muitiplitaud agtee- 


ing to any Figure of the Multiplier; bs plainly appears by the 


Work of this Eæun pls. 5 5 
Then 7 | 579863 The Fatters as before, 
z, in the Tableis 2638962 =879654x3 
1 5277924 87094 
Agaluſt 4 8, is 17037232 S87965 480% 
5 9, is 7916886 D=8y96x4x9000 


7% *. '. 6159578 -  =879054x70000 


| The Produdt ri, 1021807402. 87965499863 


Note, This Method of Tabulating the Multiplicand, is both 


Eaſy and certain; being neither ſubjet to Errors, nor burden- 


ſome to the Memory, and therefore in large Calculations it may 
be found very ufefal. But fot common Practice the uſeful 
Method (as in Page 18, Sc.) is belt, and to be prefer fed before 


ö n | 


Moſt Maſters that teach (and ſeveral Authors that write of) 


 Arithmaiich, do teach to ptove the Truth of Multiplication, by 


caſting away all the Vines that are contained in both the Factor, 


and their Produ; but becaufe that Method is very errondous, 


as might be eaſily ſhew'd 1 ſhall therefore omit inſerting it, 


and leave the Proof of 1Muiltip/itation to the next Sz3Fhm, where 


in (I preſume) the Reaſon and Proof, both bf it, nd Diviim 
will plainly appear. 2M FE 


Sect. 


| by Diviſion (called the 


Secd. 5. of Diviſion, - 


Diviſion i is a Rule by which one Number may be foeedily 


ſubſtracted from another, ſo _— times as It is contained 


therein. 
That is, It ſpeedily diſcovers how often one Number is con- 


tained (or may be found) in another: And to perform that there | 


are required 'T wo Numbers to be given. 


1. The one of them is that Number which is propoſed to be 


divided, and is called the Dividend. - 
2. The other is that Number by which the faid Dividend is to 


| be vide, and is called the Diviſor. 


And by comparing theſe Two, viz. the Dividend and the : 
— I DPiviſer together there will ariſe a Third Number, called the 


Quotient; which ſhews how often the Diviſor is contained in the 
Dividend, or ipto what Number of Equal Parts the Dividend | is 


then divided. Therefore, 


Diviſion it &y Euclid fitly term d the n F one Number 
by another, vix. one Number is ſaid to meaſure another by that 


| Number, which when it multiplies, or is multiplied by it, it pro- 
duceth. Euclid 7. Def. 23. 
Aud, if a Number meaſuring 8 multiply that Number 
5 which it meaſureth, or be multiplied by it, it produceth the 
| Number wwhich it meafureth. Euclid 7. Axiom q. 


T hat is to ſay, If that Namber which divides another (called 
the Droiſor) be multiplied with the Number which is 


Truth of each other's Operations. 


I ſhall therefore make choice of the foregoing Examples in 
Multiplication, in order (as I preſume) to render the Buſineſs of 
Diviſion more plain and eaſy. 


Firſt, let it be required to find how often 6 is contained i in 24. 


That is, to dinide 24 by 6. 1 
N. B. Always place down the given e in this Order 


Firſt ſet down the Diviſer, and to the Right-hand of it draw a 
crooked Line; then fet down the Dividend, and to the Right of 
it draw another crooked Line, in which muſt be placed the 
Quotient Figure, or Figures as they become found. 


. Thus 


0 Diviſion. _ L 3 21 


produced 
ient) their Product will be the Num- 
ber divided or Dividend. Whence it follows, that Diviſon and 
| Multiplication are the Converſe and Direct Contrary one to ano- 
ther (as Subſtraction is to Addition) and do mutually prove the 
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tijplied into the 


ing choice of ſuch a 
too little; and that may be eaſily obtained by obſerving the fol 
| ds, Re which hath two Gafer. 


+ 2% way * 5 4 WE VARs 
1 
* 4 » 
- 43 * 0 


9 CNS — 


ö * 8 —_ . * . p 


Dividend. 
T hus Diviſor 6) 24 (4 the Quotient. 
Here I conſider how many times 6 there is in 24, and find 
it 4, viz. 4 times 6 is 24, therefore 4 is the true Ruotient or 
un? ORG | 


| This is ent by Subftrafimm, 


. 124 

as in the Margin; where 24 the 2 © [x | 6 
Dividend is ſet down, and from , An 
it 6 the Diviſor continually 0 & 2 | 6 
fub/tratted fo often as it can be, 2 7 |—— 
Which is juſt 4 times. Therefore 4 8 . 15 
is the true Quotient or 3 8. 8 22 
required. 45 8 | 6 
5 8 441 
4 " O 

0 aner, . 


From henee it is evident; that Diviſion is but a conciſe or 
campendious Method of ſahſfracting one Number from another, 


fo often as it can be found therein; for if the Diviſor be con- 


tinvally ,ſub/frafted from the Dividend, accounting an Unit 
(or 1) for each time it is Jubfiracted (as above) the Sum of thole 


Wie will be the Ruoteent, 


Al Operation in Wouter do begin contrary to thoſe of 
Multiplicatian, viz. at the Firſt Figure to the Left- hand, or that 


of the higheſt Value, and decreaſe. the Dividend by a repeated 


Sub/traftion of each Produtt ariſing from the Diviſor when mul- 
Quotient Figure. And the only difficulty in Di- 
vi/ion of whole Numbers: (or indeed of any Numbers) lies in mak- 
Quolient Figure, as is neither too big, nor 


RULE. 


| Cafe 1. 4 os as 15 Firft Paus of. 1 Diviſor ir taken 


from the Firſt Figure of the Dividend : So often muſt the Second 


Figure of. the Diviſor be taken from the Second Figure of the 
Dividend, when it 1s joined with what Remains of the Finſt. 


And as often muſt the Third Figure of the Diviſor be taken from 


the Third Figure of the Dividend, Sc. 
But if the Firſt Figure of the Divifor cannot be taken. from 
the Firſt Figure of the Dividend. T hen 3 


Caſe 


Caſe 2. "$ oft as the Firſt Figure of the Diviſor, is taken 
nd from the Two Firft Figures of the Dividend, ſo often muſt the 
or Second Figure of the Diviſor be taken from the Third Figure of the 

Dividend, hen it is joined with what remained of the Second: 


Aud ſo often muſt the Third Figure of the Diviſor be taken from the 


Fourth Figure of the Dividend, Q. 

That is, the Quolient Figure muſt be ſuch, as being multiplied 
| into the Diviſor, will produce a Product equal to ſuch a part of 
the Dividend as is then taken for that Operation: But if fuch 
| a Product cannot be exactly found, then the next leſs muſt be 

taken, and ordered, as in the following Examples : of which let 
that in Page 16 be the firſt, wherein there was given 8569 the 
Multiplicand, and 8 the Multiplier: To find the Product 68552. 
| Let us here ſuppoſe the ſaid Product 68552, and 8 the MAul- 


tiplier, both given; thence to find the Multiplicand. That is, 


Let it be required to divide 685 52 by 8. 


5 Dividend 
er, 1 Diviſer 8) 685 52 1 Nuetient when found. 
on- 


714 According to the Rule, Caſe r. I compare 8 the Divi ihr with 
80 6 the Firſt Figure of the Dividend, and finding I cannot take it 
from that; I then conſider (by Caſe 2.) how often 8 can be 
taken from 68, the two firſt Figures of the Dividend, and find 


of it may be taken 8:times ; for 8 times 8 is 64, being the greateſt 


"Bf Product of 8 (into any Figure) that can be taken rom 8. 1 
ted therefore place 8 in: the Quotient, and with it multiply 8 the 


ul. Diviſor, ſetting down their Product underneath the ſaid Two 


D Firſt Figures of the er ſabhiracting it from them, and 
1 chen the Work will ſtand 
fol Thus 8) 68552 8 
6 
4 


Figure of the Dividend, viz. under the 5, and bring it down 


he underneath in its own place to the Remainder 4, which will by 
ft that means become 45. Then I conſider how many times 8 can 
zm de taken from 45, and find it may be 5 times; for 5 times 8 is 


40, I therefore place 5 in the Quotient, and with it multiply 8 
the Diviſer, ſetting down and fubftrafting their Product, as 
before, "E008 1 the Work-will ſtand 


? Thus 


"of "Diviſion. 5 


In order to a Second Operation, I make a Point under the next 
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— — It" Poo 


> nr magnet ns ne - = 


— — bo 
— Vers — vv > © = 2d 


8 
— —. -%! „% 
* ” . 


es. wi — 


17.88 
41 
[ * 
| 7 
$3" 
1 
[ / 
[ . 
$+ 18 
1:4 
| xt : 

1 
1 
19 1 
. 
+1 i 
3: K 
-Þ: 

4 
5 
1 
1 
* 
. 

* 


Exam 


Thus ; 68552 (85 


4s 
40 


For a Third Operation, I 1 * 2 Point under the nen 
Figure of the Dividend, viz. under the 5, and bring it down, 
as beſore, proceeding in all reſpects, as be ore; and then the 


Work. wal Rand 
Thus 8) 68552 (856 
he 
"00 
140 


55S 


Lady, 1 point and bring FEE the 2, viz. the aft Eur 
of the Dividend to the Remainder 7, which will then become 
Diu and proceeding as in the other Operations, I find that 8 the 

viſor can be taken juſt ꝙ times from nr Moos the Work is 
„ and will Sand . 

Thus 8) 0652 (8569 


) 2 
The 8 is found to be 8569, being exattly the 
Eighth part of 68552, or the MAulliplicaud of the —— 
E of Multiplication. As was required. 
The Raaſon of the Operations will be very plain to any one 


that will a little conſider of it, a8 follows . 


I < Diujr 


t J. 


fed 


one 


II 


— 


Chap. 2. = ; Of Diviſion, 25 


|Diviſor 8) 68552 f | (8000. The Firſt Quatient Figme. 


2 1 This Product of the Diviſor into the 

WN | | \ 2zotient is 64000, viz. 8 times Booo ; the 
Subfiraet {6:4 0,0104 Quotient Figure being always of the ſame 
b Value or Degree with that Figure under 

| Ewhich the Unzt's place of its Product ſtands. 


CCR 


Diviſor 8) | 5 j . (500. The Second Quotient Hgure. 


%%% Le And here the Product is 4000, viz. 8 
e * Ley 500, not 8 times 5. def, 
Diviſor 8) C 5|5]2 (60. The Third Quotient Figure. 85 

920 4 8 Alſo here the Product is 480, viz. 8 
_m_ 4.80 times Co, for the Reaſons aboveſaid. _ 


Divifor 8) 72 (9. The Fourth Puetient Figure. 
| a C Now here the Product is but 72, viz. 
Subflrart [712 9 times 8, becauſe the ꝙ ſtands in the place 
AR? 
Remains (0 o) Now the Sum of all the ſeveral Quotient, 


viz, 8000+500+b0+9=85 6g, as before. 


If the Proceſs of this Example be well conſidered and compa- 
red with that of Multiplication, Page 17, it will evidently ap- 
pear to be only the Converſe of that; for the particular Pro- 


Liuls are alike in both, only that which is /aft there, is fit 


here; there they are added, here they are ſubſtradted. So that 
whoever underſtands the true Reaſon of the one, muſt needs 


underſtand the Reaſon of the other, and then Diviſion will be- 


come very eaſy, although the Diviſer conſiſts of ſeveral places 


of Figures. 
EXAMPLE. 
Let it be required to divide 590624922 by 7503. 
| Dividend | 


Divifor 7563) 590624922 ( 


'Tis plain at the firſt ſight, chat 7563 the Diviſor, cannot be 
taken from 5906, the like Number of Figures in the Dividend. 
Therefore, by the Second Caſe of the Rule (Page 23.) there 
muſt be -allowed Five Figures of the Dividend, viz. 59062 for 
the Firſt Operation or Patient; that ſo the Firſt Figure 7 of 
the Diviſor may be taken out of the two Fir/t Figures, wiz. 59 
of the Dividend, &c. | | 
| E Then 


= a 


— 


Part I. 
Then I proceed (per Cafe 2.) and conſider how often 7 may 
be taken from 59, and find it my be taken 8 times, for 8 
times 7 is but 56, which I mentally ſubfratt from 59, and 
there remains 3; to this 3 I mentally adjoin the Third Figur: 
of the Dividend, viz. o, which makes it 30, out of which [ 
muſt take the Second Figure of the Diviſor, wiz. 5, ſo often a; 
J took the 7 from 59, which was 8 times: But that cannot be, 
for 8 times 5 is 40, which is more than 30, therefore 8 is too big 
a Figure to be placed in the Quotient; yet, hence J conclude, 
that the next leſs, viz. 7 may be taken without any. further 
Trial. I therefore place 7 in the Quotient, and with it multiph i 
the Diviſor, ſetting down their Product under the Dividend, 
and jub/tra# it from thence, as in the other Example, and then 
the Work will ſtand . TE 


i Q1 


Thus 7563) 590624922 (7 
a i tone) e e 


| ” N23: 171 5 

In order to a Second Operation, I make a Point under the next 
Figure of the Dividend, viz. under the 4, and bring it down 
to the Remainder 6121, which will then become 61214, with 
which I proceed in all reſpects as I did before with the 59062, 
and find the next Quatient Figure will be 8, with which I m. 
 tiply the Diviſor, & c. and ſubfrad their Product from the (aid Pg 
61214. Then the Wert will ſtand. . 


- 10 


To this Remainder 710, I point and bring down the next 
Figure of the Dividend, viz. 9, which makes it 7109 ; nov 
becauſe the Diviſor 7563 cannot be taken from 5199, I there · N 
fore place a Cypher in the Quotient. „ 
And this muſt always be carefully al ſerved, viz. That fit 
every Figure or Cypher, which is brought down from the Div 
dend, in order to a new Operation, there aut always be et""M bein 
a Figure or Cypher, ſet down in the Quotient. Then the Wort pace 
will ſtand - f TR RED Th 1 
| us | 


next 


now! 
here 


t fir 


Divi- 


either 
Noll 


Thu 


Thus 7563) 590624922 (780 
61214 1 
60504 


CEE 


IO 


Quotient, and with it multiply the Diviſor, ſetting down and 


ufirafing their Product, as before; Then the Work will ſtand 


Thus 7563) 590624922 (7809 
f 52941 


. 


612174 
60504 


71092 
68067 


8 GO | 
To this Remaindor 3025, I point and bring down the laſt 
Figure 2 of the Dividend, which makes it 30252; then pro- 
ceeding in all reſpects as before, I find the Quotient Figure to 


be 4, with it I multiph the Diviſor, ſetting down and ſahſtracting 


their Product as before, and then the Work will ſtand 


Thus 7563) 590624922 (78094 
* 


ou 


61214 
60504 


71092 
68067 
30252 
30252 


(ooooo) 


Here the Work is ended, and 1 find the Quatient to be 78094, 
being the true Multiplicand of the propos d Example of Multi- 


pacation, Page 18. 


That is, 7563 is contained e juſt 78094 times, * 
cy " WOW 


Of: Divition, | ” 27 


r 


To this 7 109, I bring down Wa Figure of the Dividend, 
013. 2, and then it will become 71092; then J conſider how 
often 7 can be taken from 71, &c. (juſt as at the firſt Operation,) 
and find it may be taken ꝙ times, therefore I ſet down 9 in the 


— — 


we 
: * , . 1 EH 
—— — —— — 
. 
CCC Wm mh Ps Ye BEIT ES EAA F «1äæ—⁵Ä˙ ät M e Yu" Caen EC Ea — — 
Wn — IIS — — — — noo — —— — 2 — hos « 


242 co Aero 


—— — 


e 


— > eo 


a r — 
ITED. nn > —— — 


2322 —— - 


m_ — —— — — ng —— — — — — l — — S — 
H„œZkdꝛꝛ̃— —— — ——ñ—˖⁴ͥ ͥ —„-„— — — 
— 4 Pg , 2 — — 0 a — 
—— — et - . — 
F 
. 
: 


— — —— 


— 


—— — 
Bo CO —— * — —— 
— . §＋Ü»—˖ͤũ . eo 
4 . 


7 w 
— ä——ä—— ñ — 
n >a 


WAG 
bobs e 


28 ___ Arithmetick. _ Part], 


If the Work of this Example be conſidered and compared 
with the Rule (Page 22.) the whole Buſineſs of Diviſion will 
be eaſy ; for indeed the only Difficulty (as I ſaid before) lies in 
making choice of a true Quotient Figure, which cannot well 
be done according to the Common Method of Diviſion, without 
Trials, yet thoſe Trials need not be made with the whole Diviſir 
(as appears by this laſt Example) for by the two Firſt Figures 


— L — 


of the Diviſrr all the reſt are generally regulated; except the 


Second Figure chance to be 2, 3, or 4, and at the ſame time the 
Third Figure be 7, 8, or q, then indeed reſpect muſt be had to 


the Third Figure, according as the Rule directs, 


However, if thoſe Trials are thought too troubleſome, they 
may be avoided, and the ſame Quotient Figure may both ea(ly 
and certainly be found by help of ſuch a ſmall Table made of 
the Diviſer, as was of the Multiplicand in Page 20. 1 


EXAMPLE 4. 


Let it he required to divide 70251807402 by 79863. Se 
the Example of Multiplication, Page 20, and as there directed 


make a Table of the Divijſar 79863, 


Thus, 
Diviſor. Dividend. Quotient. 
J 79863) 70251807402 (879654 _ 
1211597206 6389044 The Work of this Operation 
3239589 736740 I preſume may be eaſily under- 
431945 2 550041 ſtood. For thoſe Figures in the 
50399315 776097 — Table are the Product of the Di- 
| 61479178 718767 viſor into all the g Figures ; con- 
7659041 — 70 5 ſequently thoſe Figures in the 
81038904. 5223 8 ſmall Column do ſhew what 
90187 — IP — Figure is to be placed in the 
—— 431260 Quotient; without any doubtful 
jicl7g8630 — 399315 Trials of the Divifor, with the 
| 319452 Dividend, as before. 
319452 
(000000) 


This Method of Tabulating the Diviſer may be of good Uſe 
to a Learner ; eſpecially until he is well practiſed in Diviſin; 
yea, and even then if the Diviſer be large, and a Quotient of 
many Figures be required; as in reſolving of high Aquation,, 


and calculating of Aſtronomical! Tables, or thoſe of Intereſt, Oc. 
1 85 | Hitherto 


l 
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F —Hicherto I have made choice of Examples wherein the Divi- 
is truly meaſured or divided off by the Diviſor, without 


kaving any Remainder, being exactly compoſed of the Diviſor 


i and Quotient, But it moſt uſually falls out, that the Divi ſor 
vil not exactly meaſure the Dividend; in which caſe the 1 
„ ainder (after Diviſion is ended) muſt be ſet over the Diviſor 
„ich a ſmall Line betwixt them adjoining to the Quotient. 

de . EXAMPLE 5. 5 


E Suppoſe it were required to divide 379 by 5. 


. 0 DRE 
35 | 
1 3 
ly py 
of by 
Remains (4) | 
% ĩ d 
: Apain, Let it be required to divide 43789 by 67. 
Ve 67) 43789 (s 38“ the true Quotient required, 
11/1 | 402. 1 a | 
358 
335 
jon 239 
er- 201 
the —— 


Di- Remains (38) 5 


How ſuch Remainders thus placed over their Diviſers (which 


on- 
the Nee indeed Vulgar Fractions) may be otherwiſe managed, ſhall 


e ſhewed farther on. | 

M B. When the Diviſor happens to be an Unit, viz. 1, with a 
ypher or Cyphers annexed to it, as 10, 100, I000, c. Diviſion 
6 truly performed by cutting off with a Point or Comma, fo many 
gures of the Dividend as there are Cyphers in the Diviſor; then 


hat 
the 
tful 
the 


ll of the Figures in the Dividend will be the true Quotient re- 
ured, becauſe an Unit or 1 doth neither multiply nor divide. 
EXAMPLE 


1 


Uſe et be required to divide 57842 by 100. The Work may 
m; ad thus, 100) 578, 42 the Quotient required; or thus 100) 
; of 42 (57855 the ſame as before. | 


ions, 
c. 


Foht-hand of it, you may cut off ſo many of the laſt Figures 
erto 5 


in 


Clap. K. 5 #8. 2 Of Diviſion. | 29 


re thoſe Figures ſo cut off to be accounted a Remainder, and the 


Hence it follows, that if any Diviſor have Cyphers to the 


—_ 
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in the Dividend, and divide the other Figures of the Dividend 
by thoſe Figures of the Diviſor that are left when the Opber 
are omitted. But when Diviſon is ended, thoſe Cyphers ſo 
omitted in the Diviſer, and the Figures cut off in the Dividend 
are both to be reſtored to their own places. | 


85 EXAMPLES 
Suppoſe it were required to divide 675469 by 5400. 


*t 


5400) 675469 (125 2 
81. 
: | . Con 
_— | 4 
108 
Sid 0 
274 
260 


Remains (4) But the true Remainder is 469. 

Conſequently the true Quotient is 125 ed. 5 
As to the manner of proving the Truth of any Operation, 1 
either in Multiplication or Diviſion, I preſume it may be eaſily 
underſtood, by what is delivered in Page 21, compared with 
the three firſt Examples of Diviſion; for from thence it vil 
be eaſy to conceive, that if the Dzviſo* and Quotient be 4 
multiplied together, their Product (with what Remains after f 


Divijien being added to that Product) will be equal to the — 
Dividend. As in the Fifth Example, where the Dividend is 

379, the Diviſor is 5, the Quatient is 75, and the Remaindr 5 
I fay, 75x5=375, to which add the Remainder 4, it vil dhe 

be 208: - By | 
Again, in the Sixth Example, the Diviſor is 67, the Quotient N 
is 653, and the Remainder is 38. 1 | 
_— 65 3x67=43751, and 43751+38=43789 the Din-. f 

end, &c. Ba ey 
| There are ſeveral nſefal Cimtratios, bub in Diviñon aui en 
kres, 


Multiplication, which F have purpoſely omitted until I come t1 
treat of Decimal Arithmetick. Alſo I have omitted the Bufineb 
of Evolution or Extracting of Rovts, until further on; and fo T 
ſhall conclude this Chapter with a few Examples of Divifo Wh, 


unwrought at large, leaving them for the Learner's Practice. tried, 
a is 1 N Weigh 
579) 43800771 (75649. la 


45007) 


Or 75649) 43800771 (579. 


jap. 3- Of Weights, Weaſures, cc. 31 
45007) 23884044718 (530674. 


b Or 530674) 23884044718 ( 45007. 


59600) 57659066400 (967434- 
10000) 679543820000 (67954382. 
70) 878 as (356976. 


i. ————— 


AP. III | 
Concerning Addition and Subſtraction of Numbers of 


different Denominations, and how to reduce them from 
oe Denomination t another. N. e 


„„ 
I. Of Engliſh Coin, 
HE leaſt Piece of Maney uſed in England is a Farthing, 


5 and from thence ariſeth the reſt, as in this Table. 

" "4 | | 5 55. is a Crown, 
* = 12= T 5. Shill. 65s. 8 d. a Noble. 
* 0b0=240==20==1 J. Pound Sterling. 135. 4 d. a Mark. 
d is = 1 


Note, When 1. 5. d. g. are placed over (or to the Right-hand 
Numbers, they denote thoſe Numbers to fignify Pounds, 
Hillings, Pence, and Fari bing. 


. 3 | 
As 35 10 6 2. Or 351. 10s. 644d, Either of theſe 
do ſignify 35 Pounds, 10 Shillings, 6 Pence, 2 Farthings. 


nder 
will 
tient 


Divi- 


au longing to their reſpective Tables, viz. Of Weights, Mea- 
1 0 ures, &c. | : | 
: 0 2. Troy Weight, 


The Original of all Veigbtt uſed in England, was a Cern of 


Wight one Ounce, and 12 Ounces one Pound Troy, Vid: 
Vatutes of 51 Hen, III. 31 Edw.l 12 Hen, VII. 


The ſame muſt be underſtood of all the following Characters, 


Wheat gathered out of the middle of the Ear, and being well 
lied, 32 of them were to make one Pemy Weigbi, 20 Penny 


But 


am Fer 


g the Grain. 67 


14 Ed. III. and 17 Ed. III.) So that it ſeems (to me) to be fir 
introduced by Chance, and ſettled by Cuſtom, viz. from giving 
good or large Weigbt to thoſe Commodities uſually weighed 


* * * A K 


Uü—ü— W K 
mY * ——_—_— —— 


—— 


But in later Times it was thought ſufficient to divide the 


aforeſaid Penny Weight into 24 equal Parts, called Grains, 5 
being the leaſt Weigbt now in common Uſe; and from thence 7 
the reſt are computed as in this Table. ES. T 

| alle 


I {© By Troy Weight Are hat 
1 weighed Jewels, Ga, nice 

Siber, Corn, Bred, Ou 
Land all Liguors. no! 


Gr, Grain, | | 
3 1 P. W. Penny Wetght, 
480= 20= 1 Oz, Ounce, 
560=240=12==1 Ib Pound. 


L Beſides the common Divifiens of Troy Weight, I find in Anglia ln 
Notitia, or, The Preſent State of England, Printed in the Year 
1699 that the Moneyers (as that Author calls them) do ſubdivide 1 


24 Blanks = 1 Periot. 
20 Periots = 1 Droite. 
Thus 24 Droites = 1 Mite. 


20 Mites = 1 Grain, &c. as before. „ 
8 5 | e ſo ( 
| Es 1) rſt 
3. Apothecaries Weights. * 
The Apothecaries divide a Pound Troy, as in this Table. ther 
Sr. Grain, 1 = 5 5 | | "D 
| 20= 1 I Scruple Bel — * | 125 
| 60= 3= 15 Dram 1 
| 480= 24= 8= 15 Ounce . 
[5760=288=96=12=1 tþ Troy, the ſame as before. 23 
CON : 5 5 100 
By theſe Meigbis the Apothecaries compound their Medicines: WW © 
but buy and ſell their Drugs by Averdupois Weight. N 
ws 4 ; oh 
4. Averdupois Weight, J 


When Averdupois Weight became firſt in Uſe, or by what Lav A 
it was firſt ſettled, I cannot find out in the Statute Books ; but on Anng 
the contrary, I find that there ſhould be but one //eight (and ont of th 
Meaſure) uſed throughout this Realm, viz. that of Troy, (Vi! 5 

urf; 


by it, which are ſuch as are either very Courſe and Pre 
25 ver 


t WW Chap. 3. Of Weights, Weaſures, Kc. 33 
the very ſubject to waſte; as all kind of Grocery Wares. And 
Ins, Pitch, Tar, Rojin, Wax, Tallow, Flax, Hemp, &c. Copper, 
nce Jin, Steel, Iron, Lead, &c. Alſo Floſb, Butter, Cheeſe, Salt, &c. 
To theſe and the like (I preſume) it was thought convenient to 
allow a greater Meigbt than the Laws had provided, which 
hapzen'd to be about a Sixth part more: For T found by a very 
111 vice Experiment, that one Pound Aver dupois is equal to 14 
ad Ounces, 11 Penny Weight, and 155; Grains Troy, And it is 
bow computed as in the following Table, 


| Drams. ; Þ+ 
gli 16=1 Oz. Ounces. t | I 44 Stone 
Gl 256= 16=1 Ib Pounds. Xa 28=5 of C. 
vide Wi! 28672= 1792= 1125= T C. Hundred. d 56=: of C. 
$73440=35840=2240=20=1 Tun, 844 of C. 


5. Long Meaſure. 


As the leaſt part of Weight came at firſt from a Heat Corn, 
ſo (it is generally faid) the leaſt Part of a Long Meaſure was at 
firſt a Barley Corn, taken out of the middle of the Ear, and being 
well dried, three of them in length were to make one Inch; and 
thence the reſt, as in this Table. 1 


3=1 Il. Inches. 14 Tard 1 Ell. 
3b= 12=1 F. Feet. : 2 Yards=1 Fathom. 
„„ ir | 
$04= 198. 16z= 5121 FP. Poles. 
23760= 7920= b6b0= 220 40=1 Furlong. 
190080=63360=5280=1760=320=8=1 Mile. 


Barlo Corn. 5 TY 4 Nails of a Yard, 
And 


nes: | 

Nite, That forty Polgs (or Perches) in Length, and four in 

Breadth, do make a Statute Acre of Land. 

That is,, 220 Yards, multiplied into 22 Yards=4840 Square 

Jards are a Statute Acre. | | Pe, 
And according to the Tranſactions of the French Academy, 

Anno 1687, a Paris Foot Royal is = 12,8 Inches Engliſh; Six 


Law 


at on 


d on of thoſe Feet make a Toiſe; and 57060 Toiſes = 365 184 Engliſh 
(Vid I Vet, are the Meaſure of one Degree of a great Circle upon the 
firlt I Surface of the Earth. So that one Degree is 69 Miles and 288 
iving I Lerdt, which is very near to our Country-man Mr. Norwozd's 
ohed WW Experiment made betwixt London and York, Anno 1635; who 
j, or bund that 367 196 Feet Miles, and 958 Yards do make a 
very F ; Degree, 


34 — Atlthmetick. FP! 


PP 


Degree. And not 60 Miles, according to the common received 
Opinion and Practice of the Navigators or Seamen. 
Hence, according to the French Account, the Circumference 
of the Earth (ſuppoſing it to be a true Spherical Figure) i; 
24899 Engliſh Miles, FR 


6. Of Liquid Meaſures. 


All Meaſures of Capacity, both Liquid and Dry, were at firſ 
made from Troy Weight, Vide Statutes ꝙ H. III. 51 H. III. 12 
H. VII. &c. wherein it is enacted, that eight Pound Troy Weight, 
of Meat, gathered out of the middle of the Ear, and well dried, 
ſhould make one Gallon of Mine Meaſure: And that there ſhould 
be but one Meaſure for Wine, Ale and Corn, throughout this Realm, 
(Vid. Stat. 14 Ed. III. 15 Rich. Il.) But Time and Cuſtom hath 
altered Meaſures, as they have done Fights (and perhaps for one 
and the ſame Reaſon) for now we have three different eaſure, 
dix. one for Wine, one for Ale or Beer, and one for Corn. 


J have inſerted Tables of each, as they are now computed by 


Cubick Inches, ant! practiſed in the Art of Gauging, &c. 
The common Mine Gallun ſealed at Guild-Flall in London; by 
which all Hines, Brandtes, Spirits, Strong-waters, Mead, Peri, 
Cyder, Vinegar, Oil, and Heney, &c. are meaſured and fold; i; 
ſuppoſed to contain 231 Cubic, Inches, and from thence the reſt 
are computed, as in this Table. | | 


Gallons. 


| 231=1 O Gallons. Vi, 4 37s makes a ine or 
9702= 42=1 Terce. ; %% Vinegar Barrel. 
145 5 3 63=13==1 Hog head. (Vide 1 K. III.) 
19404= 84=2 =I Fuucion. 
29106 126 = 3 =2 In. 

582122252 =4 =3 Z=. 


— 


But Dr /75lard in his Tectometry, Page 289, doth ſuppoſ: 
the Wine Gallen to contain but 224, or 225 Cubic Inches at 
the moit, and purſuant to this Account an Experiment was made 
by Mr Richard Waller and Mr Philip Shales, two Genetal 
Officers in the Exciſe. They cauſed a Veſſel to be very exadtly 
made of Braſs, in Form of a Parallelopipedon, each Side of its 
Baſe was 4 Inches, and its Depth 14 Inches; ſo that its juſt Con- 
tent was 224 Cubick Inches, This Veſſel was produced at Guid- 
Hall in London (May 25. 1688.) before the Lard- Mayor, the 
Commiſſioners of Exciſe, the Reverend Mr Flam/tead, 3 

; . 


Cub ict Inches. '18=1 Nundlet, and 


Chap. 3. Of Weights, Beaſures, &c. 1 


— 1 


Mr Halley, and ſeveral other ingenious Gentlemen, in whoſe 
Preſence Mr Shales did exactly fill the aforeſaid Brazen Veſſel 
with clear Water, and very carefully emptied it into the old 
Standard Wine Gallon kept in Guild- Hall, which did fo exactly 
fill it, that all then preſent were fully ſatisfied the Vine Gallen 
doth contain but 224 Cubick Inches. (This notable Experiment 1 


ſaw tried.) However, ſor ſeveral Reaſons, it was at that time 


thought convenient to continue the former ſuppoſed Content of 
231 Cubick Inches to be the Vine Gallon, and that all Computa- 


tions in Gauging ſhould be made from thence, as above. 


The Beer or Ale Gallon (which are both one) is much larger 
than the Vine Gallon ; it being (as I preſume) made at firſt to 
correſpond with Averdupeis Weight, as the Wine Gallen did with 
Troy Weight : For (as I ſaid before, Page 33.) one Pound 
Averdupsis is equal to 14 Ounces 12 Penny Meigbt Troy, very 
near. . | + . 

And, as one Pound Troy is in proportion to the Cubick Inches 
in a Wine Gallon, ſo is one Pound Averdupois to the Cubick 
Inches in an Ale Gallon. That is, 12: 231 :: 1455: 2813, very 
near the Cubick Inches contained in an Ale Gallon, as appears 
from an Experiment made by one Nicholas Gunton, General 
Gauger in the Exciſe, about 41 Years ago, who, by ſuch a Veſlel 
mentioned before in the laſt Page, did find the Standard Ale- Quart 
(kept in the Exchequer, Vid. 12 Car. II.) to contain juſt 70 Cubick 
Inches, conſequently the Ale-Gallon muſt contain 282 Cubick 


Inches, and from thence the following Tables are computed. 


_ Ale- Meaſure, 
(Cubic Inches. | : 
282= 1 Gallon. A Firkin of Soap and of 
225b= 8=1 Firkin. Note, Herrings are the ſame 
4512=16=2==1 Kilderkin. | with that of Ale. 
0024=J2==4==2=1I Barrel. | | | | 


13530=48=6=3=1 . Hog ſhead, 


we Beer Meaſure. 
Cub. Inches. 

282:= 1 Gallon. 
2538= 9g=1 Firkin. 7 
5$076=18==2=1 Kilderkin. 
[I0I52=30=4=2=1 Barrel. 


| 15228=54=6=3=14=1 Hog ſhead. 
„„ 


— — 
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N. B. This Diſtinction or Difference detwixt Ale and Bur: | ( 


Meaſure, is now only uſed in London. Buit in all other Places of 

England the following Table of Beer or Ale, whether it be ſtrong 

or ſmall, is to be obſerved, according to a Statute of Exciſe mads 

in the Year 1689. 

Cub. Inches. | 

28221 Callin. 

RY 2397=83i=1 Firkin. Sits 

|: 4794=19=2=1 Kilderhin. | I 

9 5 B Barrel. ace 
114 382=51=6=3=15=1 Hegſbead. 


7, Of Dry Meaſure. 

Dry Meaſure is different both from Vine and Ale Meaſure, be. 

ing as it were a Mean betwixt both, tho' not exactly ſo; which 

upon Examination I find to be in proportion to the aforeſaid old 

Standard Mine Gallon, as Averdupois Weight is to Troy Weight; 

That is, As one Pound Troy is to one Pound Averdupois, ſo is the 

Cubic Inches contained in the old Mine Gallon: To the Cubic 
Inches contained in the Dry or Corn Gallmm, _ . ; 
Vi. 12 . 1428 +21 224 } 27225 which is very near to 27% bY 
the common received Content of a Corn Gallen : Altho' ao it i or ( 
otherwiſe ſettled by an Act of Parliament made in April 1697, Why 
the Words of that Act are theſe: 5 one 
- Every round Buſhel with a plain and even Bottom, being mad: Miot 
 erghtcen Inches and a half wide throughout, and eight Inches dee), i; p 
fLould be efleemed a Legal Wincheſter Buſhel, according to the 21 
Standard in his Majeſty's Exchequer. | can 
Now a Veſſel being thus made will contain 2150,42 Cubict Nas 2 
Inches, conſequently the Corn Gallun doth contain but 268: WM þ 


Gubick Inches. : 3 
ICh. Inches. a 4 Buſhels=a Comb, . 
2868, 8 = 1 Gallon, Nor} 10 Quarter Sa Mey, and | 
$37,08= 285. 1 Peck. 12 Weys=a Laſt of Corn, 
2150,4= 8= 4=1 Buſeel, 
[17203,2=64=32=8=1 Duarter. | 31 


LI obſerv'd amongſt the Lead-Mines in Derbyſhire, (Anno 1692) 
that the Miners bought and fold their Lead Ore, by a Meaſure | 
which they call'd an Ore Dif ; whoſe Dimenſions I carefully took; Nen 
and found it | | 


Length 21.3. | Ny 
Thus ) Breadth 6. Inches. 
Depth 8.4. 


” Couſe- 


jap..3- Of Weights, Peaſures, c. 37 
| Conſequently its Content is I07 3,52 Cubick Inches, which is 


joned Settlement. | 
| Nine of thoſe Diſhes they call a Load of Ore, which if it be 
pretty good, will produce about 3 hundred Weight of Lead. 


8. Of Time. 


= — 7 
— — Sauna 
> I S. * 7 


It is not an eaſy Thing to give a true Definition of Time ; for 
according to the Philsſophick Poet.) + 


Time of itſelf is nothing, but from Thought 
Receives its Riſe, by labouring Fancy wrought 


From Things conſider d, whil/t we think on ſome 
bick As preſent, ſome as paſt, or yet to come, 
old No Thought can think on Time, that's ſtill confeft, 
901; But thinks on Things in Motion or at Reſt, | 
s the 


And fo on, Vide Lucretius, Book I. 
That is, Time only ſhews the Duration or Mutation of Things, 


or Change is computed. And a Year is that Space of Time in 
which the Sun (apparently) compleats its Revolution from an 


to the ſame Point again, which, according to modern Obſervations, 


21 Thirds, &. But a Second being the leaſt part of Time that 
can be truly meaſured by the Motion of any Mechanical Engine, 
x a Click, &c. (a Third being leſs than the Twinkling of an Eye) 
| begin the following Table with 8:conds. 


Seconds. 


Aa ER ů 


; bo= 1 Minute. 
Zorn. 3600 GO =I Hour. 


86400=> 1440= 24=1 Day, , „ 3 
31556937==525949=8765=365+54+48Þ57=1 Year, called a 
— — —— (Solar Year. 


— — _— ** 


aſure But the common Year, uſually call'd the Julian Year, doth 
took, eonſiſt of 365 Days and 6 Hours, and is divided into twelve 
unequal. Months, called Calendar Months, whoſe Names and 
Nunber of Days are the Subject of every Almanack, 


To 


onſe- 


ery near equal to 4 Corn Gallons, according to the abovemen- 


c oa, fn 


— ORE Wt, 


— 


— — ate 
— 2 — 

. rr 
— —— Mts — we N 


Ia Year being the Standard or Integer, by which ſuch Con tinuance 


one Point in the Ecliptic (an imaginary Circle in the Heavens) | 


1 perform'd in 365 Days, 5 Hours, 48 Minutes, 57 Seconds, 


- 
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To theſe Tables it may not be amiſs to give a brief Account g of 
ſuch Coins, Weighis, and Meaſures, as are frequently mentions 
in the Scriptures. As I have deduced them from thoſe which 
feem to be the moſt Correct, inſerted in the Index to the lag 
Bible, Printed Anno 1702, and compared with thoſe uſed in 
England, by the Lord Biſhop of Peterborough. 


— 


The Hebrew Weigbis, compared * Oz 5 K. 11 
A Cialis 0 ©; 70 


10 Gerahs=a Bekah=| OO. 4. 13. 
2 Bekahs=a Shekel= O. 9. 3 
100 Shekels=a Meyah= 45 . 12 . 12 
No ate, A Shekel is ſaid to be their Original Weight. 


liſh Coin. 


3 Eng 
Their Cain? 3 


A Silver Mimah=| 7 8 Weight 60 Shekets. 
Talent of Silver =| 357 5 101 Weight is 300 Sheßels. 
Talent of Gold 5075 . 1 75 The ſame Weight men- 
The Gold Dram=| 1. 0. 4 tioned Ex. ii. 1G, 


The Roman Money mentioned in the New Teftament. 


A Denarius, or Silver Penny=7 d. 3 Farthings. 
* of Copper So. 3. Farthings. 
Aſarium So . 15 Fartbing. 

Quadran ngo. 7 of a Farthing. 

A Mite=o . 4 of a Farthing. 


Their Leng Meaſure, compared with ** Mars, 
A Finger's Breadth=| O. O. 0,912 

4 Fingers=a Hand's Breadth=| O. © 

| 2 Hands=the leaſt Span: O. © 

"A Hand's Breadth=the longeſt Span O. © 

2 Spans=the longeſt Cubit=| O. 1 

4 Cubits=a Fathom 2. 1 

6 Cubits e Exetiel's Reed 3. 1 

400 Cubits a Stadium 243. 0 

10 Stadiums a Mile. 2432. 0 

3 Miles=a Paraſang = 7296. © 

Which is 4 Engliſh Miles and] 256. 


Engliſh Wine. 
Gal. Pints, Inch. 


Their Meaſures of Capacity, compared with ; 


ich | A Cotlyla O. oz 3,037 
Toe | | 0 Oz 9,83 
in | 4 Logs=a Cab=\ © . 3 10,458 
10 Catyla's=an Omer= 0:6, 145 

3 Cob=a Hlm= 1: 2:. 2,5 
a 11 5 
in, 3 Seahs=an Epha=| 7 . 4 . 15, | 
2 10 Epha's=a Chomer=\75 . 5. 5,625 
32 . pres. 1 25 | - Ee La 
3 3 | 1 | ; . 


The foregoing Tables being ſo well underſtood, as that you can 
eadily tell (without pauſing) how many Units of any one Deno- 
ination, do make one of the next Superior Denomination (eſpe- 
cially in thoſe Tables which are mſt uſeful for your Buſineſs) it 
ill then be as eaſy to add or ſubſtract them, as to add or ſub- 
frat whole Numbers, due Care being taken in placing all Num- 
er that are of one Denomination exactly underneath each other. 
hat is to ſay, in Money, place Pounds under Pounds, Shillings 
nder §hillings, Pence under Pence, &c. Underſtand the like 
n Weights and Meaſures, &. according to their ſeveral Deno- 
minations: Then in Addition obſerve this Rule. 
= UV LE. -. . | 

Always begin with thoſe Figures of the loweft or leaſt Denomi- 
nation, and add them all together into one Sum, then conſider how 
many of the next Superior Denomination are contained in that 
dum, ſo many Units you muſt carry to the ſaid next Superior De- 
nomination 1 be added 7cgether with theſe Figures that fand 
there; and if any thing remain over or above thoſe Units fo car- 


len- 
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2 ried, that Overplus muſt be ſet down underneath its own Deno- 
"7 1 nation: And ſo proceed on from one Denomination to another 
0 1 until all be finiſhed. | 

229 | Example in Coin, 

% Wl Let it be required to add 35 l. 14 5. 06 d. and 271. 02 5. 
88d F 3 : 

* 10 d. and 54 J. 135. 044. and 101, 17 5. 09 d. into one Sum. 

7 


28 The particular Sums being placed, as before directed, will ſtand 
53 4 in the Margin following. 


Then according to the Rule, I begin with the Pence (being 
dere the loweſt or leaſt Denomination) and adding them all 
lopether, I find their Sum to be 29 d. that is 2 5, and 5 d. (for 


beit 5 | 24 d. 


ate. __—— * OI OO I" PO We "I" IT TT II" 


40 1 "Arithmetick, © 


24=4 3 6. and — the 5 d. I ſet down 5 
underneath its own Denomination, and carry the 35. 14 ; 00 
2.5. to the Place of Shillings, adding them and 27 . 02 . 1 
all the Shillings together, I find the Sum to be 54. 13 . 
48 5. viz. 21, 8 5. I ſet down the 8 5. under- 10..-17 , 0g 
neath its own place of S§hillings, and carry the ————— 
2 J. to the Place of Pounds, adding them and all 128. 08 05 
the Paunds together, I find their Sum is 128 J. 
cConſequently the Total Sum required is 128 J. o8 5. os d. 

Now, for as much as it often happens in keeping Books of 
Accounts, (and in other Buſineſs) that it is required to add uw 
large Sums of Money, conſiſting of 30, 40, or more ſeveral par. 
ticular Sums, nay, perhaps filling up the whole length of a Sheet 
of Paper, I humbly conceive in thoſe Caſes the beſt and eaſieſt 
way will be to part them into Parcels, not exceeding above 10 
or 12 particular Sms in each Parcel; that done, add together 
all the Sums of thoſe Parcels i into one _ and that will be the 
Total Sum required. 

Alſo to avoid the making of Paine, or other - Marks among 
your Figures, it will be convenient to get the 8 Tables 
by heart, 


Part] 


2 The Pence Table. [ The Shillings Table. 
d. . „„ „ 1 OR 
3 VVV 120 6 
2422 | 84 7 . 4022 I 40= 7 
36=3 g96= 8 60=3 160=8 
2 10829 || B80=4 1802 9 | 
O = I 20=10 IOO S 200=10 


The Uſe of theſe Tables is fo obvious, that I preſume it i; 
inn to explain them. 


Examples in Addition of Weights. 


Troy Weight. | Averdupois IWight. 
Þb..: Us. Fw. Gr. F Oz, 


3. 09. OO . 10 12.16 1 234+ 10 
5 16 21 75 10, 3+. 21 +4 
10.20 13 23-: 0 18. 1.+:14 - 
„ 31*.10 +32 1.10.7», 


A 


Sum 21 . 04 . 09 . 04 Sum 23. 05 40 . 05 +0 


- 
. 


hap. 3. 


Subſtrasion of Weights, c. 4x 


a. | — xamples in Addition of Long- Meaſure. , 5 
0rd. rs. Nails Miles Fur, Poles Yards Feet Inch. 
OE a Os I. OR OED 
04 7 3 G % . 0 
Ol x2: CCT EO HNTES 5 al 
* TTT Too TR Son wp RN 


[ think it needleſs to ſet down more Examples of this kind, 


of e ſufficient to ſhew how any other may be performed, _ 

1 —d ͤ - 
b ect. 3. Dubſtraction of Yeights, &c. 
* Uifration is but the Converſe of the precedent Work, and 
the may be performed by obſerving this Rule. | 


| R UL E. 1 85 * 

Begin with the Loweſt or Leaſt Denomination (as before in 
Addition) and Take or Subſtract the Figure (or Figures) in that 
lace of the Subtrahend, from the Figure (or Figures) that 


ext Superior Denomination, and from that Sum make Sub- 
ration; and ſo proceed to the next Superior Denomination, 
here you muſt pay the one borrowed, by adding Unity to the 
dubtrahend in that place, &c. as in whole Numbers, N 
v Examples in Coin. 

| | ns * d. J. 7. « 
From 386 . og . 08 From 569 . 10. 06 
Take 173 . 04. ob Subſt. 389 . I5 . 08 


— 


— 


Remains 213. 0. 02 199 14 0 


Oz. Vannot be done, I muſt (according to the Rule) borrow one of 
ee next Denomination, viz. 15s. and add it to the 6d. which 
15 Wakes it 18 d. (for 15,=12 d. and 12 d. T6 d. = 18 d. then I 


ite place of Shillings, where I muſt now pay the 1 3. ſaying 


10 


or if theſe 5 (eſpecially the laſt) be well underſtood, they will 


| 
| 


71 
1 
0 
© 
| 
4 
; 
; 


a, ͤłiuòat2—2 2 
* — 4 P 


and over them of the ſame Denomination; ſetting down the 
Remainder, (as in Page 12.) But if that cannot be done, then 
mw muſt evaty the upper Figure (or Figures) with one of the 


The Firſt of theſe Examples is ſelf-evident. In the Second 
Example, beginning at the place of Pence (being here the Leaſt 
Jenomination) T am to take 8 d. from 6 d. but becauſe that 


ike 8 d. from that 18 d. and there remains 10 d. to be ſet 
own underneath the place of Pence; that done, I proceed to 


be borrowed and 15 e ieee be, but. 


r 
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r n 


Part 


* — — — —— — ————R 
16 from 30 and there remains 14. That is, I borrow one of the 
next Denomination, viz. 1 I. and add to it the 10 5. which 
makes it 30 5. for 1 J. os. and 20 4. + Io go) having ſet down 
the Remaining 145. underneath its own place of Shillings, J pro- 
ceed to the place of Pounds, where paying the 1 /. borrowed, 
will be 1 borrowed and q is 10 from ꝙ cannot be, but 10 fron 
19 and there Remains 9, and ſo on as in whole Numbers until al 
be finiſhed ; and the Remainder will be 179 l. 145. 10 d. 

This Example being a little conſidered will render all others in 
this Rule ealy, EE 


E xamples in Weights. 

Troy Weight. Averdupois Weight, 

3. oz. pot. gr. „ . 
From 9. 10. 16. 18 7 1 10 
Tale 5 o d 2 14. 3 + 8 12 
Reſts 4 . 00 ; 17 . 20 ag "2.2, 24. 14 

1 Examples in Long Meaſure. 
W miles fur. pol. yas. feet inches 
From 78. 3. 2 3 3 9 
Take ig 3 3 | 9.0, 04+ + 2. 1k 
Refts 48. 3.3 3. 4. 36. 4 . 0 10 


Example in Time. 
4 , 1 
From 27 18. 1 21 
Subſtract 16. 21. 46 . 36 


Remains 10. 20 AS 45 
The Proof of Addition and Subſtractian in theſe Numbers of dif- 
ferent Denaminations, is the very ſame with that of whole Nun. 
bers in Page 13. I hall therefore refer you ta that place, and 
- omit repeating it here. | | | 


_ Sect. 4. Of Reduction. 
RY Redudtion, Numbers of different Denominations are brought 
1 into one Denomination. 3 


That is, it alters or changes any Superior Denomination pro- 


poſed, inta any Inferior or Leſſer Denomination Require 
+1 | | 5 


Cap. 3. Of Reduction, 443 


gill keeping them equivalent in value. And by that means they 
become fitly prepared for Multiplication and Diviſion; which 
\therwiſe could not ſo conveniently be performed. Therefore the 


own Buſineſs of Reduction is very uſeful in the Rule of Proportion, 
F commonly called the Golden Rule, or Rule of Three) eſpecially 
fo o thoſe who do not underſtand either Vulgar or Decimal Fractions. 


and it is thus performed: - 
| Ras 2 7]ͥ 
Conſider how many Units of the Denomination Required, make 


nun by its reſpective Table) and with that Number of Units, 

Multiply the Denomination propoſed, and their Product will be the 

Number Required. > 
Example in Coin. 5 

Let it be Required to Reduce or Change 357 /. into Shillings, 

and thoſe Shillings into Pence, which ſhall ſtill be equal in value 

th the 357 . FD . 8 


% 8 
ultiply with 20 the Shillings in one Pound. 


7140=the Shillings in 357 J. 
ultiply with 12 the Pence in one Shilling. 
1428 
714 5 ; 
85680 S the Pence in 357 J. as was Required. 
Or 3571. may be reduced into Pence, at one Operation ; 


us, 
l 


5 
utiph with ger 


the Pence contained in one Pound, 


1428 
„ 


85 680 Sthe Pence in 357 l. as before. c 
But when the Numbers propoſed to be Reduced are of ſeveral 


jou muſt Reduce the higheſt or greateſt Denomination to the 
ext leſs, Adding the Numbers that are of that leſs Denomination 
ether, then Reduce their Sum to the next lower Denomination, 


, pro- ing together all the Numbers that are of that Denomination, 
uired; if" ſo proceed gradually on till all is dene. | 
ſtil G 2 £$XAMPLE. 


* 
rr - 


ne of that Denomination propoſed to be Reduced (which is eaſily 


2 . — 


4 
N 7 


Vrnominations, and it is required to bring them all to the Loweſt; 


. ͤͤ > ona oO 


— AS Loo EDA 2a #03 Roe Er HS. ALAS * 2630 2 22. at 


— r 


S GD oy + 22 
Woes 4s — 


1 


" Arithmetick. 


EXAMPLE. 
Lot it be required to Reduce my 171 10 K 3 9. into ont 


Dmomination, viz. into Fartbings. 


375. I7 9 10 d. 3g. 


7 500 the Shillings in 18 
+ 175. | 


— — 


72 Shillings i in 375 "2 17 5. 


15034 
7517 


Dede be Pence in 3) 5 J. 17 5. 
+ 104. 


90214=the Paas in 225 17 5, 10 d. 
4 is OO 


360856= =the Farthings i in 375 L 176. 10 d. 
P "I. 
360859 Farth.=3751. 17 s. 10 d. 34. as was required. 
The Work of this Example, and all other Operations of this 


kind, may be ſomewhat ſhortened by obſerving the OY 


Method. ; 
375 s. 10 d. 39. 
: $0 2 and Add in the 17 5. 


7517 
12 Multiply and Aud i in the 10 4. 
ein 
73717 


90214 | 
i Multiply and Add in the 3 777. 
360859 the Farthings as before. 
Example in Troy Weight. 
Suppoſe it be Required to Reduce one 8 oz, 18 pur. 277, 
into the Leaſt Denomination, Viz, into Grains. 2 5 Th 
| ud, 


red, 
this 
ving 


gr. 


vs 


Chap. 3. 
Thus 29 lb. 8 oz. 18 piot. 21 gr. 5 
Multiply with 12 the oz. in 1 1b, and add in the 8 oz. 
66 
209 . 
356 = the oz. in 29 156. Boz. | 

Multiply with 20 thepwts in 1 oz. and add in the 18 pur. 

7138 = the pwts in 29 1b. 8 oz. 18 pot. 
Multiply with 24 the grs in 1 put. and add in the 21 grs, 

—"_ 
14278 


171333 thegrs == 29 lb. 8 oz. 18 pwts, 21 gr.. 


Of Reduction, 45 


Theſe two Kxamples at large being well underſtood, may ſuf- 
fice to ſhew how all Operations of this kind are performed; ei- 
ther in Weighis, Meaſures, or Time. I ſhall only inſert a few 
Examples of each ſort for the Learner's Practice. 

1. In 23 C. 3 grs. 21 lb. ꝙ oz, Averdupois Weight; How | 
many Ounces ? Anſw. 42905 Ounces, 

2. In 252 Eng, Miles, How many Yards, Feet, and Inches & 
Anſw. 443520 yds. = 1330560 feet = 15966720 inches, 

3. In 1692 common Years, How many Days, Hours, and 
Minutes ? Anſw. 618003 days, 14832072 hours, 889924320 
minutes. | | | 

Note, a common Year = 365 Days, 6 Hours, ſee Page 37. 

4. In 5786 Pounds, 17 Shillings, @ Pence, Sterling; How ma- 
ny Shillings, Pence, and Farithings © Anſw. 115737 s. 1388853 d. 
or5555412 farthings. That is, 57861. 17s. 9d. = 115737 5. 
94, = 1388853 d. &c. 1 a 

The next thing will be to ſhew how to bring Numbers from a 
leſſer to a greater Denomination, which by moſt Authors is cal- 
kd (tho' very improperly) ) 55 2 


Reduction ſending. 
This Work is the Converſe of the laſt, and is performed by 


RULE. 


Conſider how many of the Denomination propoſed mals ons of the 
Denomination required, and make that Number your Diviſor, by 
which divide the Denomination propoſed ; and the Quotient will bs 


EXAMPLE. 


Divijon, Thus, 


t Number required. 


a — 
- 


EXAMPLE. 

Let it be required to find how many Shillings and Pounds are 
contained in 85680 Pence. 

The Pence in 1 s. are 12) 85680 (7140s. = 85680 d. 
Again the OTE" in 1 l. are 20) 7140 (3571 the Anſwer re. 


quired. 
| Another E xample in Coin. 
How many Pence, NP" and Pandi, are contained in 
2648 59 Ren ty 


- "« } | | 
4) 264859 (66214 4 (5517 5. (2751 : 
RE 62 151 
. 117 
5 94 (/) 
19 (0) d. 


Remain (3) 4 { Note the Rimoinder i is always of the ſame 
Denomination with the Dividend. 

The laſt Quotient 2751. together with the ſeveral Remainders, 

give the Aniwer required. 

Viz. 275 L 175. 10 d. 349. = 264859 Parthings 


n in Troy Weight. 
Suppoſe it were required to find how many Puts. Oxs. and lbs, 
are contained | in 175 333 Grain 
200 12) 
20 17133377 (7138 pw. (356 (29 U. 
| 168 8 
5 ue 
24. kñnũ̃½⸗é 108 
(18) pros, — » 
93 (8) e. 
72 
213 
192 


Remains (21) grs. 


Anſw. 291. 842. . 21 gro.. This and the laſt Ex- Wit 

ample are the Reverſe or Proof of thoſe in Pages 43, 45. 

* 1. In 42905 Ounces, Averdipeis weight ; How many "om | © 
0. Tubus 


Lors. Of Reduction. 47 
* 208) 5 | 
re 5 3 
Thus 16) 42905 (26813. (95 grs. (23 C. 
109 262 15 | 
11 130 1561 (3) 
25 140 Th 
= (9) (21) Anſw,23C. 3grs. 21 1b. 9 a. 


2. In 1 7960720 Rds; : How many Engl 5 Miles, &c. 

Anſw. 252 Miles, &c. as occaſion requires, 

There are many uſeful Queſtions may be anſwered by 1 help 
of Reduction only: As the changing of one ſort of Coin for ano- 
ther; and comparing one ſort of Meaſure with another, &c, 
| For Inſtance : Suppoſe one had 347 Rixdollars, at 45. 6 d. per 

Dollar; and deſired to know how _— Pounds — * 
make, 


. 
ne | Ade Pence in one Dollar, vs. 4 5. 64. AY 


1388 
1735 20) 
12) 18738 d. (1561 5. 6807 
7 161 


55 13 (1) 5. 


5 


6) d. 
Anſw. 78 J. 15s. 6 d. Sterl. are = 347 Rixdollars. 
Qugſt. 2. In 645 Flemih Ells ; How many Elis Engliſh F 
Note, 3 Quarters of a Yard Engliſh make one Ell Flemiſh, and 
1% or 5 Quarters of a Yard, is an Engliſh El, 


Therefore, 645 
_3= thegrsofa Yard in 1 Ell Flemiſh. 


ein 1 3 1935 (387 Engliſh Ells for the Anſwer. 


Nueſt. 3. Suppoſe a Bill of Exchange were accepted at London, 
for the Payment of 400 J. Sterl. for the Value deliver'd at Am/ter- 
dam in Flemiſh Money at 11. 135. 64. for 1 Pound Sterl. How 
much Flemiſh Money was deliver'd at Amſterdam? | 

Hirst, 11. 13s. 6 d. S026 the alue of one Pound Sterl. 
it Amſterdam. | 

Then, 402 d. x 400 = 160800 gd. = 670 J Flemiſh, and ſo 
much was aalvered at Amſterdam. 

CHAP. 


Arithmetietz. Fan 
CHAP. IV. 


Of Uuigar Fractions. 
Sec. 1. O7 Notation. 


A Fraction, or Broken Number, is that which repreſents a Port 
<2 or Parts of any thing propoſed, (vide Page 3.) and is expreſ. 
ſed by two Numbers placed one above the other with a Line drawn 
betwixt them: „ 5 . 
| Thus, | 3 Numer ward . 
pony yn 4 Denominator. 
The Denominator, or Number placed underneath the Line, 
denotes how many equal Parts the thing is ſuppoſed to be divided 
into (being only the Diviſor in Diviſion). And the Numerator, 
or Number placed above the Line, ſhews how many of thoſe 
Parts are contained in the Fraction (it being the Remainder after 
Diviſion). (Se Page 29.) And theſe admit of three DiſtinRions; 


Proper or Simple 
Viz. Je ane, 

[Compound 355 
A proper, pure, or Simple Fraction, is that which is leſs than 
an Unit. That is, it repreſents the immediate Part or Parts of 
any thing leſs than the whole, and therefore it's Numerator is al- 
ways leſs than the Denominator. 4 
is one Fourth Part,  , , L 5 is one Half. 

a j H is one Third Part. Any | 3 is two Thirds, &c. 
An Improper Fraction is that which is greater than an Unit. 
That is, it repreſents ſome Number of Parts greater than the 
whole.thing ; and it's Numerator is always greater than the De- 
nominator, - 5 ae , 

| As + or ? or H & c. 


A Compound Fraction is a Part of a Part, conſiſting of ſeveral 
Numerators and Denominators connected together with the 
Word [of ]. - 5 
As Fof 4 of +, Ce. and are thus read, The one Third of 
the three Faurths of the two Fifths of an Unit. 
That is, when a Unit (or whole thing) is firſt divided into 
any Number of equal Parts, and each of thoſe Parts art 
| | | | ſubdivided 


hap. 4. Of Uulgar Fractions; 49 
ſubdivided into other Parts, and ſo on: Then thoſe laſt Parts are 
called Compound Fractions, or Fractions of Fraftion, 
As for inſtance, ſuppoſe a Pound Sterling (or 20 5.) be the Unit 
Er Whole; then is 8 s. the 5 of it, and 6s. the 4æ of thoſe two 
Fifths, and 2 5. is the 3 of thoſe three Fourths; viz. 2 5, =+ of 
of + of one Pound Sterling. 

All Compound Fractions are reduced into ſingle ones, Thus, 
| RULE. | | 
Multiply all the Numerators into one another for a Numerator, 
ind all the Denominators into one another for the Denominator. 
Thus the 5 of 4 of + will become &,. Or ro. 
For I x 3x 2==6 the Numerator, and 3 x 4 x 5 = 60 the Deno- 
minator, but & or ro of a J. Sterl. is 2 5s As above. 


el 


5 8 


—— _ 4 


ne, ; ee „ V 
ded NPect. 2. 7 Alter or Change different Fractions into one 
- Denomination retaining ihe ſame Value, 


| N order to gain a clear Underſtanding of this Section, it will 
be convenient to premiſe this Propoſition, viz. If a Number 
multiplying two Numbers produce other Numbers, the Numbers 
produced of them ſhall be in rhe ſame Proportion that the Num- 
bers multiplied are, 17 Euchd 7. 
That is to ſay, If both the Numerator and Denominator of any 
ration be equally multiplied into any Number, their Products 
will retain the ſame Value with that Fraction. 5 


As in theſe, 2 2. Or 2 : Or 2= = Ee. 
L2 8 "INS <Q 3&5 

That is, and . Or ; and 3. Or; and 15 are of the ſame 
Value, in reſpect to the Whole or Unit. | 

| From hence it will be eaſy to conceive, how two or more 
Fractions that are of different Denominations, may be altered or 
hanged into others that ſhall have one common Dendminator, 
ind ſtill retain the ſame Value. S „„ 
Example, Let it be required to change 3 and 4 into two other 
Fractions that ſhall have one common Denominator, and yet re- 
an the ſame Value. 2 ; „ 5 

| According to the foregoing Propoſition, if 3 be equally multipli- 
185 * rl | 1 p 2-xX 7 14 1 3 
with 7, it will become it, viz. 7 Again, if 5 be 


nt0 0 r uy. . Z x 3 
ah multiplied with 3, it will become 31 oh OS. 
ded | H : And 


2 


And by this means 1 have obtained two new D Fand £, Th 
that are of one r e and of the ſame Value with the two 10 
firſt propoſed, viz. 1 = and 4 WT ＋ _ py 
And from hence doth ariſe the-general Rule for bringing 1 I 
Fractions into one Denomination. | Ne 
R U LE. Fra 
Multiply all the Denominators into each other for a new (ani 
common) Denominator. And each Numerator into all _ Deno- 3 
minators but it's own, for new Numerators. a 
Example. Let the propoſed Fractions be 4, +, 2, and 7 5. 1 
Then, by the Rule, qis 
A new void And the new Numerators will 
will be thus found. | be thus found, — 
12 OT WS EE. 
E |. 5 6 9: 38-4 
+4 4 * > 3 T 
60 20 24 45 90 I, 
8 „ 
4.20 | 140.. : 108. - 215. .360 in t 


Hence 420 is the common Denominator ; and 140. 168 315. Nee 
360, are the new Numerators, which being placed Fraftion-yil 
are 435 +435 - 435 + +25 the New Fractions required. 

That bs, == 3 . IN 3D. — 3. and . 
es 3 ” . 420 4 1 


5 ; 1] 

Nu 

Seck. 3. To bring mix'd Numbers into Fractions WB 

the contrary, 2 

Mx: D Numbers are brought into improper Frafios by the . 

following Rule. ; 

KUL 5 

Alti) the Integers, or whole Numbers, with the Denominator . 

of the given Hraction, and to their Product add the Numerator, H . 

Sum will be the Namerator of the Fraction required. f 1 

Example. 9 5 by the Rule will become 2. For ꝙ x £8 = 5 

And, &* + F = thei improper Fraction required. Me. 

Again, 1345 1 will become . For 13 x 15 . 

And *5- +73 73 =. And fo for any other as occaſion require Wl ne: 

To find the true Value of any improper Fraction given is o ! 

the Cenverſe of this Rule, For if 5*=9F as before is 1 1 =P 
| | 7 
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If — it follows that if 49 be divided by 5, the Quotient will 
two 9 . And if 206 be divided ”Y 15, it will give 13 15, Oc. 


a0 it follows, that 

al If the Numerator of any improper Fraction be divided by it's 
Denominator, the Quotient will diſcover the true Value of we 
— | 


and EXAMPLES. 

no- g. And , = 4. And 34 =6 &- Or * 23 2, &c. 
When whole Numbers are to be expreſſed Fraction-wiſe, it is 

but giving them an Unit for a Denominator. Thus 45 is 

e LETT . 


9— 


a 


dect. 4. 7⁰ Abbreviate or Reduce Fractions into 


their Lowe or Leaſt Denomination. 


T HI 8 18 * not out of any neceſlity, but for the more con- 
venient managing of ſuch Fractions as are either propoſed in 
large terms; or ſwell into ſuch, either by Addition or otherwiſe: 
belides it is moſt like an Artiſt to expreſs or ſet down all Fractions 
in the loweſt terms poſſible; and to perform that, it will be ne- 
15. Wcclary to conſider theſe following Propoſitions. 


Numbers are either Prime or Compoſed, 


4 1. A Prime Number is that which can only be meaſured by 
nn Unit. Euclid 7. Defin. 11. 
DE That is, 3, 5, 7, II, 13, 17, Sc. are ſaid to be Prime 
Numbers, becauſe it is not poſſible to divide them into — 
and Parts by any other Number but Unity or 1. 
2. Numbers Prime the one to the other, are ſuch as only an 
"il 50 doth Meaſure, 8 their common Meaſure. Euclid 7. 
efin. 12. 

For inſtance, 7 and 13 are Prime Numbers to each other, be- 
cauſe they cannot be divided by any Number but an Unit. 
And 9 and 14 are alſo Prime Numbers to each other, for altho' 
3 will meaſure or divide 9 without leaving a Remainder ; yet 
+ will not-meaſure 14 without leaving a Remainder : Again, 
'* ao' 2 will meaſure 14 without any Remainder, yet 2 will not 

Meaſure ꝙ without leaving a Remainder, &c. 

3. A compoſed Number is that which ſome certain Number 
meaſureth, Euclid 7. Defin. 13. 

For inſtance, 1 5 ls a compoſed Number of 3 and 5, for 5 x 3 
15 conſequentiy 3 or 5 * juſtly mealure 15. Alſo 20 

2 bs 


52 "Artthmetick, Part] 
is compoſed of 5 r 4, VIZ. 5 x 4 == 20, therefore 5 and 4 wil 
yy juſtly meaſure 20. 

Numbers compoſed the one to the other, are they Which 
Tome Number being a common Meaſure to them both dd 
meaſure.  Euchd 7. Defin. 14. 

That is, if two or more Numbers can be divided by one and 
the ſame Diviſor; then are thoſe Numbers ſaid to be compoſy 

one to another. 

For Inſtance, 14 and 21 are Numbers compoſed the one to 
the other, becauſe they can both be meaſured or divided by », 
For 7 x 2==14, and 7 x Z==21 ; therefore 7 is a common Mex. 
ſare to 14 and 21, So that if 3% were propoſed to > be abbreviated, 
it will become 3. 


: | Thus 3 9222 
| 7) 21:33 


And how thoſe greateſt common Meaſures may be found 
comes from Euclid 7. Prob. I, 2, 3, and is thus: 


KUL E. 
Divide the greater Number by the le EY and that Divcfe by th 


| Remainder (if there be any) and ſo on continually until there be u 
Remainder left : Then will that laſt Divifor be the greateſt commu 
Meaſure (and if it happen to be 1, then are thoſe Numbers Print 
Numbers, and are already in their loweſt Terms; but if ora 


Divide the Numbers by that laſt Diviſor, and ther > a will 
be their leaſt Terms required, 


EXAMPLE. 


Let it be required to find the greateſt common Meaſure of 72 
and 108, viz, of x5. 


. 36) 72 (2 Here becauſe there is no Remainder; 
1 36 is the greateſt common Meaſure. 
(9) . 3 

* 36) 328 2 FHence #4 is abbreviated 
Therefore, 36)108 = — tO 3 the 3 Terms. 

| Again, to find the greateſt Sk Meaſure of 744 and 899 


Thus, 


Of Uuigar Fractions. 


hap- 4. 
Thus, 744) 899 (1 


T wil 

e | 
9 = 1550744 (4 
doth | Bs 1 

124) 155 (I 
And i 3 
polel BG | + 34 
| 1 

je to : 
"AM 7. | | | (0) 


Here 31 is found to be the renal common Meaſure by which 
144 and 899 may be e ir 24 and 29 their loweſt Terms. 
Thus; 3) 24+ = 25, Ce. 
Mete, If the propoſed 4 5. be even, they may be brought 
ower by a continued halfing of them, fo long as diy can be 
alfed, VIZ. divided by 2. 
Wy A. AMPLE. 
It is required to Reduce {$ to it's leaſt Terms. 
Firſt, 2) 64 (241. Again, 2) 43 (SA. 

This done, you my perceive that 7 will be the common Meaſure to 
4and 21, viz. 5) 1 (=. So. 
If the Numbers propoſed to be reduced have each a Cypher, or 
yphers annexed to them, they will be abbreviated by cutting 
ff a like Number of 0 hers from both. 


ound 


by th 


be 1 


mm 
) 0 


wi Thus, 388 will be 3 And? 388 will be F, £9. 
wil That 1 18, 388 =35 = 51 And 220 * And 2 48 45 = 13 = = 


* ** N 


Sekt. 3. -Advition o1 Fractions. 


HAT hath been done by the Rules in this Chapter, is chiefly 

to prepare and fit Frafions of different Denominations for 
[dition or Subſtraftion, as Occaſion requires, viz. If they are 
mpound Fractions, they muſt be reduced to Simple or Pure 
raftions, per Rule, Sect. 1. 

If they are of different Denominations, they muſt be altered or 
hanged, per Rule, Sec. 2. 

That is, all Fra&ions muſt be brought into one Pairs en 
eiore they can either be added or ſubſtracted; and that being 
cone, Addition is thus performed. 

R UL. E. 
Add together all the Numerators, and their dum will be 4 New 
Numerator, under which ſubſeribe the Common Denominator. 8 
1 Examples 


" Artthmetick. Par 


"Examples in Simple Fractions. 
Let it be PRs to add 3, 5, and + together. Firſt, 4 = 
2 —24, and 4 2 38, per See. . 5 W 


Then 60 V's 88 ＋ 55 88 = 83, the Sum required, which according ty 
Section 3» is 1 88. ix. 8 — 1 88. 


Examples in Compound F ractions. 


Let it be require to add + and 3 of 4 into one Sum. zun; 3 of 2 be 
comes 12 or 5 por Sect. 1. And (per Sect. 2.) J and ; is &, and 2 7 
4 = 181 12 1 ; but c; + + & = 4+ the Sum required, giz 


oft == At. 
Examples in mixed Numbers. 


It is required to add ; + to 7 4, theſe per Sect. 3. will be in d. 
But r and will become 48 and 22 per Sect. 2. Then Ti + 23 
251 and r =13 n the Sum required. 

Or you may _ only the Fra#ions to one Denomination. 

Thus, 5 3 and 7 + will become 5 % and-7 . 


e e K 12 12. That h. 13 1. As before. 


Seck. 6, Subſtraction e Fractions, 
RULE. 


UBSTRACT one eee from the other (according at 
I” the Queſtion requires) and their Difference will be a new Num. 
rator, under which Subſcribes the Common  Denominator, as it 


| Addition. 


EXAMPLE x; | 


Let 8 required to take 5 out of +. Firſt à and + per Set. s will 
become g and 43 ; then 53 — 67 65» that is, $—3 :==$4. A 


was required, 
TT 


It is required to Subſtraft 3 of ® from 14. Firſt, 3 2 of 3 = 15 per 
Sect. 1. Again 357 and 14 "ll become 4:4 and 35. per Sect. 2 
Then 36 — 378 33. | 
EXAMP L E 2 
From 6 3; Subſtract 35 1. Firſt, 6, = — a. 3 33 = per 
Rule Sect. z. Again, % A — 2352, ang E = 1 5 , per Rule Sect 2. 


* 
23 2 — — — 7 
TIO irſt, 


WE CORE PO „ 


7 64 =5 2. then being ar px M7 2 into one Denomination, VIZ. 


| 2 = 5 Fe and 3 43. —=3 384: 
Then 5 $32 — 3 34 =2 332 = 2 48. As before. 
EXAMPLE. 

Let it be required to Subſtract + of 5 of ; Lo 7. 

rt, 2 of 5 of F = 75. And 7=6t22 18 

Then 6 443 — 18 = 6 243 =6 #=7—Jof3 of 3. As was 

equired. 8 
I theſe few Examples be well anderfiobd, 880 whole Bafingls 

f adding and Subſtracting Vulgar Fractions wil be eaſy; which 

; really much more difficult to perform than either e 

r Diviſion 3 as will 5 801 in the next Section. 


ect. 7. Multipllcation of Fract'ons. 


JN order to perform either Multiplication or Diviſion, you muſt 
prepare the Terms to be multiplied (or divided) thus; reduce 
Compound Fractions to Simple ones, per Sec. 1. Bring mixed 
Numbers into improper Fractians, and expreſs whole Numbers 
Fraftion-wiſe, per Sect. 3. Alſo it will be convenient to abbre- 
Nate them to their ſmalleſt Terms, when it can be done, Then 
Multiplication may be thus performed. 

Multiply the Numerators one into another for a new Nu- 
Rule 


merator ; and the Denominators one into another for a new 
Denominator, As in theſe 


* EXAMPLES. 
i 1. The Product of 5 into + = Z,. That is, — = = 


i . 
2. And the Product of 5 into 29 5 3. or Y 


3. Again, the Product of n into 5 of TY Or . 
For 5 of } = 3F- Then 12 X Tf == 575) = A. 
4. Let it be required to multiply 6 with 3 5. Theſe prepared for 
the Work will ſtand thus. + x 7 

viz, 6 K and 3 3 = 1. Then * x * $72=*35, or 20 3. 

Or, otherwiſe thus 6 x 45218. ad G = 2. 

Then 18 + 2 4= 204, As before. 

5. Let it be ne to multiply 7 F with 5 4. 

Firſt 7 5 , and g+=3#. Then x35 = 2 = 40 25. 

Now the Reaſon of this Rule for ah ing of Fractians, 
and conſequently of theſe Operations, and all others performed by 
it; will be evident from this following. 

Viz 


will 
A 


> per 
1 


L per 
2. 
hus : 

Firſt, 


j 
| 
j | 
4 
e 
* þ 
4 3 
o 
q 
7 
* 
7 
4 
0 
1 
! 1 
N 
3 4 
F 
1 
i 
1 
= 
1 
I] 
a 
Ei 
y 
KB 
i 
1 
1 
ö 
: 
7 
1 
* 


* 


tn 2 xa OT - . 72 3 „ ww - 1 — "= PER th. . „* 2 . 
F * 
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Viz. Tf 1 be makiplied with 2 according to the Rule, their Produt 
will be 44. But 1 =8. 
Now £ = 2, on LE = 4 per Set. 3. But 4 x 2 =8. Ergo, &, 


LI 


2 


Sect. 8. Diviſion / Fractions, 


＋ H E Frafions being firſt prepared as before directed, Divitn 
1 may be thus performed: 


Multiply the Numerator of the Dividend into the Dem 
Ru! minator of the dividing Fraction for a new Numerator: an 

multiply the other Numerator and Denommator together far a 
new Denominator. 


EXAMPLES. 


1. Let £ be divided by # 7, viz, 3) £ (#7; =+ the Quotient. | 

That is, according to the Rule 6 x 7 = 42 the how Numerator, a 
35 x Z=105, the new Denominator, &c. as above. 

2. Let it be required to divide 37 by 1, wiz. 12) 22 (242=17, 

For 12 x 20 = 240 the new Numerator, and 27 x5=135 the ney 
Denominator. 

3. Suppoſe it were RESET to divide 77 by F of 5. 

Firſt, 5 of =5J5- Then 35) * Tr (i 15 = 11 
4. Let 205 be divided by 3 5; wiz. 3 by A: 
For 20 5 , and 3 5 = . Then 7) 55+ 

5. Let it "hs required to divide 40 45 by 5 +. 
Firſt, 40 63 =", 5, and 5 . Then ) 515 G 
But 2 = 7 5 the true Quotient required. 

6. Suppoſe it were required to divide 13 by © L. 

Firſt, 13 2 . Then 5) 4 (5 == 18 3, the Quotient. 

= 75 Again, let it be required to divide 3 by 6. 

Vu. $) + (4 for the Quotient required. 


(=6 the Quotient 


NM. B. From hence you may obſerve, that when any whole 
Number is divided by a Fraction leſs than Unity or 1, the Quo- 
tient will be greater than the Number propoſed to be divided: But 
if any Fraction be divided by a whole Number, greater than 1, 


then the Quotient will be leſs than the Dividend: As in the two 
laſt Examples. a 


/ 


1 9 1 6 | 
3 As 


» 
8 . 


8 
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As to the Reaſon (or Proof) of this Rule for dividing Fratlions : 
It is only the Converſe to that of Multiplication, and will te very 
yident from this following. 

Let be divided by r. Which according to the Rule is 
thus, $) W ($$= 4. The true Qustient. Now = 8. And 
t —2, per Sef, 3. Conſequently ** divided by F is but the 
ame with 8 divided by 2. viz. 2.) 8 (4. The Quotient as 
T.. GE F 

I could have inſerted Geometrical Demonſtrations, for the Rules 
of Multiplication and Diviſion of Fractions; but ſuppoſing the 
Learner purely unacquainted with, thoſe Find of Demonſtrations, 
thought theſe might be more intelligible to him, ' eſpecially in 
— eee 


—_. 2 PR 2 —Y — ew 
"Y 1 * 4 8 * . 


CHAP v. 
Of Decimal Fractions. | 


32 


4 He ; 
TTT db re 


17 or by tobom, this excellent Invention of Decimal 
 nev “ Arithmetick, was fir ft introduced is uncertain ; but doubtleſs 


it's Improvements, and the Perfections it is now in, is owing to latter 


lars, | | 

| Se. . Of Notation, | 
JN Decimal Fractions, the Integer or whole Thing (whether it 
be Coin, Weight, Meaſure, or Time, &c.) is ſuppoſed to be 
divided into Ten equal Parts; and every one of thoſe Ten Parts 
N ſuppoſed to be ſubdivided into other Ten equal Parts, &c. ad 
MHH,“ ua. | | YER 1 

The Integer being thus divided (by Imagination) into 10, I00, 
1000, I0000, Wc. equal Parts, becomes the Denominator to the 
Decimal Fractions. LD e 
Thus, 18 1dr. 18s 1888 resbe, Sc. | 

Now theſe Denominators are ſeldom or never ſet down, but 
hole only the Numerators; and thoſe are either diſtinguiſhed, or ſepa- 
Juo- rated from whole Numbers by a Point or a Comma. : 
But Thus, 5, 4 is 5 W. and 0,7 is 2s. 35305 is 35 i233» Sc. 
n I, But before we proceed further in Notation, it will be canveni- 
two ent for the Learnef to conſider the following Table, (taken out of 
the learned Mr Oughtred's Clavis Mathematica) Which ſhews the 
very Foundation of Decimal Fract ions. 
. 1 A hole 


ent. 


A 


— 


* 
TO | J We Arth ctic K. 72 J 3 


58 e353 3 ISIS 
Whole Numbers, Decimal Parts. 
54321123456 
4 3 Bb. 
Idas 
ne 
err 
Si SYSSJSR 
| r Ia a 

8 8 8888 
2, 3 388 
| 8 SISSQNE 

I K&S 88 
I AS SEES 
1 ; LADY | 


By this Table it is evident, that as in whole Numbers or Int 
gers, every Degree from the Unites Place increaſes towards the 
left-hand by a Ten-fold Proportion : So in Decimal Parts every 
Degree is decreaſed towards the right-hand by the ſame Proper. 
tion, viz. by Tens, 5 

Therefore theſe Decimal Parts er Fractions, are really more 
Homogeneal, or agreeing with whole Numbers, than YVulgar Frac- 
tions; for indeed all plain Numbers are in effect but Decimal Parti 
one to another. 5 I 725 35 
That is, ſuppoſe any Series of equal Numbers, as 444, Gr. 
The firſt 4 towards the Left is Ten times the Value of the 4 in 

18 the middle, and that 4 in the middle is Ten times the Value of 

bl the laſt 4 to the Right of it, and but the Tenth Part of that 4 on 

| „ ‚—‚ I OE RE RB yd 

Therefore all or any of them may be taken either as Integer, 
or Parts of an Integer: If Integers, then they muſt be ſet down 
without any Comma or ſeparating Point betwixt them thus, 444 
But if Integers, and one Part or Fraftion, put a Comma betwixt 
them thus, 44,4 which ſignifies 44 whole Numbers, and 4 Tenths 
of an Unit: Again, if two Places of Parts be required, ſeparate 
them with a Cemma thus, 4,44 vis. 4 Units, and 44 hunaris 
Parts of an Unit, akce. FWW 

From hence (duly compared with the Table) it will be eaſy to 
conceive that Decimal Parts take their Denomination from the 
Place of their laſt Figure. 


_ n 7 — es — 1 1 — — ws. 
2 = = — — — . — - 
— — — — 2 " 
9 — 
9 df 


ä — — 
—— — — 
: * 


1 - I l 
2 < - 25 AER Pe nies. ce 
— 


7 of 1D 
2 


— $5" Agel arr AA 
— —— » 


„ IST TE 
That is, 3 »50 = 5% {Part of an Unit, &c. 
„0 r i 5 5 


(Gypher 


„ ———— , PII 
— — OO EP Mr 


— — ——- 


| 
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Cyphers annexed to Decimal Parts, al ter not their Value. As 
50, and ,500, or 5000, Sc. are each but 5 Tenths of an Unit, 
For 78 = is And 189 = 15 Or #5555 = . Per Se, 4. 
of the laſt Chapter. a LOO 

But Cyphers prefixed to Decimal Parts decreaſe their Value, by 
removing them further from the Comma. 

| &=5$ Tewb Parts, © 
Thus ,05 = 5 Parts of a Hundred, 
5 


} ,005 S5 Parts of a gens 3 
L., ooo5 = 5 Parts of Ten Thouſand, &c. | 4875 
| Conſequently the true Value of all Decimal Parts are known by 
heir Diſtance from the Units Place; the which being once rightly 
nderſtood, the reſt will be eaſy. | 


ect. 2, Addition and Subtraction / Decimals. 
IN ſetting down the propoſed Numbers to be added, or ſub- | 
L ſtracted, great care muſt be taken in placing every Figure di- 
Aly underneath thoſe of the ſame Value, whether they be mix'd 


umbers, or pure Decimal Parts, and to perform that you muſt 
ave a due regard to the Comma's, or ſeparating Points, which 


in Night always to ſtand in a direct Line one under another; and to 
e of He Right-hand of them carefully place the Decimal Parts, accord- 
on e to their reſpective Values, or Diſtances from Unity. Then 


15 or ſaltract them, as if they were all whole Numbers; 
Lule 


and from their Sum, or Difference, cut 7. ſo many Decimal 


"wn T Parts as are the meſt in any of the given Numbers. 
a 

"i EXAMPLES in Addition. 

rate Let it be required to find the Sum of theſe following Numbers, 


z 3445 + 65,3 + 128,7 + 95 + 87,8 + 7,9, which being 
uly placed, will ftand — n e 
3 
Wo * 
T 128,7 
N 95,0 
07,0 
8 


Their Sum required, 419, 2 
ms TI 12 EXAMPLE. 


GG Arithmetic, Par 


TIP | 6s, 4p 
Let it be en to find the Sum of 25,854 Us 34. 5 78 + 9,076 
＋ 13,907. 


25,854 
34.578 
9,070 , 
13,907 
83.415 The Sum required. \ 
When the Decimal Parts propoſed to be added (or ubſirafed 
have not the ſame Number of Places, you may for convenience 
of Operation ſupply or fill up the void Places, by annexing Cy. 
phers. As in theſe Examples. 


EXAMPLE z. EXAMPLE4 EXAMPLE 5, 


45,0700 $74,678953 , 975642 
50,7580 93796430 745257 
123, 057 78, 5 4000 5000598 
74, o 54.7 89000 g800700 


24,8000 8,900000 56405 30 


318,335 Sum 812,218983 a 3,162727 | 


EXAMPLES in Subſttaction, 
Let it be required to find the Difference between 45,375 and 
74,284. 
EXAMPLE 1. EXAMPLE 2. EXAMPLE z 


That is, From 74,284 From 437, From 75,0034 
e Take 45,375 Take 80, 657 Take 57,875 


— — 


Remains 28,909 ” 347,843 | 17,1204 


EXAMPLE 4. 
Let it be required to find the Exceſs between 562 and 93,5785 
| EXAMPLE 4, FFC 
That is, From 562, | From 345,7578 
Take 93,5784 Take 157, 
The Exceſs 468, 4216 188, 7578 


Note, The two laſt Examples are ſuppoſed to be ſupplied with 
Cyphers, which if actually done would ſtand thus, 


562, 000 3457578 
93,5784 | 157,000 


188 ons 


Remains 468, 4216 As before * 
5 | W 4 W 15 1p 


22 


«7 inp 5- Of Decimal Fractions.” a 
= © #X4MPLE6s. EXAMPLE 7. 
076 From o, 54789 : From 1,000000 
15 1 e 0443975 Take o, 997543 
0, 108135 0, o02457 


The Proof of Addition and Subſtraction in Decimals, is the 
me with that of whole FRY page 13, &c. 


\ 
_ dect. 3 ' Pultiplication f Detimals. 
G : HETHER the Factors or Numbers to be multiplied are 


pure Decimals, or mixed. Multiply them as if they were all 
yhole Numbers, and for the true Value of their Product obſerve this 


tors accounted together, Art in theſe. 


EXAMPLE, EXAMPLE 2, 
3,024 32,12 
2523 | 2453 
| 2 | 9 63 6 
Pp is | 128 43 
5 ant 6 048 642 4 
6,743 52 17:80, 51 6 


E 


0034 If in the P roduct, may be eaſily deduced from theſe Examples. 


bus 
v5 In Example 1. It is evident, that 3, the whole Number in the 
280% laltiplicand, being multiplied with 2, the whole Number in the 


lultiplier; can produce but 6 (viz. 3 x 2 2 6.) So that of ne- 
ſity all the other Figures in the Product muſt be Decimal Parts; 
cording as the Rule directs. 

Or, the Rule is evident from the Multiplication of whole Num- 
ers only: Thus, ſuppoſe 3000 were to be multiplied with 200, 
ker Product will be 600000 ; ; That is, there will be ſo many 
zphers in the Product, as are in both the Factors, (Vide page 18.) 
Now if, inſtead of thoſe Cyphers in the Factors, we ſuppoſe tle 
like Natber of Decimal Parts; then it follows, that there ought 


5780 


with 


dere Cyphers in the Factors. 

Again, the Rule may be otherwiſe made evident from 
/ "a Fractions, thus: Let 32, 12 be multiplied with 24H 
4 © 


Cut off (viz. ſeparate with a Comma) ſo many Places of 
ule, +} Dern Parts in the Product, as there are in bath the Face 


4 
1 
0 
z 
*. 
t 
1 
1 
| 
4 
14 
i 
N 
& 
x 
41 
4 wy 
f 
1 
Rl 
n 
| 
* 


[ 
| 
| 
{ 
} 

: 

} 


The Reaſon why ſuch a Number of Decimal Parts muſt be wat g 


0 be the ſame Number of Decimal Parts in the Product, as there 


. . c rr 8 


bers 0 WT 7 — emo oi +5. ils „ —— „ 0 * 4 . —— 1 . : _ 4a 1 * "OR hy 
1 — 
N "4 
* 4 1 2 2 e * 5 rng 
- 1 7 2 , : 
62 | m Part | 
* 8 > es * 1 


and their Product will be 780, 516 as in Example 2, . 
Now 32,12'= 32 #55: and 24, 3 = 24 ls. which being brought 
into Improper Fractions (per Sect. 3. page 50.) will becom 
32 75; 8 few: and 24 = 5. q, . 
- Then Ae . M = 228&5*. per See?. 7. page 55. 

But 218836 = 780 488. wiz. 780, 5 16, as before. 


Any of theſe three Ways de, I preſume, ſ . "Mk rad 
Truth of the aboveſaid Rule, c. , ſufficiently-prov 


EXAMPLE3 EXAMPLE 4, 
oy Wor my 5745 
4 20675 
471276 28725 
235 638 40215 
314184 3470 
34246,056 % 
N. B. It ſomitimes falls out in multiplying Parts with Part, 
that there will not be ſo many Figures in the Product, as there ought 
zo be places of Decimal Parts by the Rule: In that Caſe you muſt 
ſupply their Defe@ by prefixing Cyphers to the Product; as in theſe 
Examples. = MO | | 


EXAMPLE 5. EXAMPLE 6, 


Og TED. 


— * 


52365 5 | »0347 
52435 50236 
| 11825 2082 
1 17095 104 
[l „ . 
If [! 4730 | x 5 
Ui! ——— „00081892 
505758775 . 1 [ 
When any propoſed Number of Decimals is to be multiplied 
with 10. 100 , 1000 , 10000, Cc. Tt is only removing the 7 
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I! ſeparating Point in the Multiplicand, ſo many places towards the 
I Right-hand; as there are Cyphers'in the Multiplier. 


Thus, „578 x 10 2 5,78. And, , 578 x 100 57,8. 
Again, „578 & 1000 2 578. Or, ,578 x 10000 = 25 c 
* 4 I Thele 


hap. 5. Of Decimal Fractions. 63 
Theſe things being conſidered, it will be eaſy to multiply | 
decimals, and determine their true Products. As in theſe follow- 
15 Examples. | 


57,056 multiplied into 0,578 will produce 32, 978368 
7,0543 into 5, 4246 will produce 41,52151578 
| 0,5 6879 * 0, 5674 =0,03227 31 446 
the 0,03246 x 0,02364 = 0,0007 672544. 
| | 87649 X 0,03687 == ny or v4, | 
94,357 86 x 6,57869 = 620, 7511100034 
3, 141592 x 52,7438 165, 6995001296 


Now it oftentimes happens, that it will be needleſs to expreſs 
the Figures of the Product at large, (eſpecially, when the 
actors have each of them many places of Decimal Parts, as in_ 
he two laſt Examples) only ſo many of them as may ſuffice for 
he intended Deſign ; and yet the Product may be as true to ſo 
any Figures as are retained, as if the Factors had been multi- 
ied at large. And ſuch compendious Contractions are not 
ly of Curioſity, but may alſo be found of great Eaſe and Uſe to 


rt, Ne ingenious Practitioner; eſpecially in reſolving adſected Equa- 
t ons, or in calculating of Trigonometrical Problems by the Na- 
t al Sines and Tangents, Sc. All which may be thus performed. 
beſe WR Viz. Set the Unit's Place of the Multiplier direct) underneath that 


gre of the Multiplicand, whoſe Place you intend to keep in the 
raduft ; and place all the other Figures of the Multiplier in à quite 
ntrary Order to the uſual way. Then in multiplying always begin 
that Figure of the Multiplicand which flands over the Figure 
herewith you are then a multipying, ſetting down the firſt Figure 
each particular Product, direttlh underneath one another; yet | 
rein you muft have a due Regard to the Increaſe which would ariſe - 0 
bt of the two next Figures to the Right-hand of that Figure in the 
ulttplicand which you then begin with. | 


„„ ” 


Let it be required to multiply 3,141592 with 52,7438 and 
7; rar be only four Places of Decimal Parts retained in the 


If the propoſed Numbers were to be multiplied at large they 
uſt ſtand in a direct Order as uſual. VV 
T 3,1415902 And would produce ten Places of 
pl 1 52,7438 7 Parts, as in the laſt Example. 
heſe 8 83 5 „„ 
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* 


But ſeeing i it is $ required to have only four Places of thoſe Pig Pam 
in the Produdt, ſet them down as before directed, and they vil 
ſtand 
5 141592 The Multiplicand placed as before. 

* * LE The Multiplier in a reverſe Order. 


1 1570796 The Product with 85 regard had to 5 acl 
| The Product with 2, increaſed with 9 « 2, 
21991] Product with 7, increaſed with 5 x 7 + x7, 
1257 Product with 4, increaſed with * 4 + 5, 
94 Product with 3, increaſed with 4 x 3. 
25 Product with 8, increaſed with 4 x 8 +1 x6, 


'165,6995 The true Product as was required. 


The Reaſon of this Contraction is very obvious from the 
whole Operation wrought at large. 
Thus 37141592 

bu 2.74 


250 13273600 From hence it is evident, that all the N. 
94124770 | gures in the Square to the Right-hand, an 
125606368 | wholly omitted in the former Contraction; au 

2 1991] 144 that the laft ſingle Product here, is the ff 


6 2831184 | there; conſequently the ., of placing th 
157 07960 | Multiplier in a reverſe Order, muſt negd a. 


: —— — 


pear voy a t 


65,6995] 001 1296] 


EXAMPLE 3: 


Suppoſe it were required to multiply 257,356 with 76,48 3 and 
to have only the entire Product of Integers. 


do The ſame at large. . STA 

180150 5 . | 1 

1 2 | 102194 

3 5-5. a 15 1544136 
1 | 301002 

19582 19682,58688 


I be Ee {Care and Difficulty that attends theſe Contraction 
1 the true ſetting down of the Units place in the Multiplier un 
e 


rneath the proper Figure of the Multiplicand, according to tis 
deſigned Product, 7 
( 


L 


12 


tap. 5: E Decimal Fractions: | 65 


B: i. th. —_—___ 


Viz. In Example 1. It was required to have four Places of © 
Necimal Parts in the Product; therefore the Unit's Place of the 
ultiplier was ſet under the fourth Place of Decimals in the 
Multiplicand: And in Example 2, becauſe it was required to 
ave an entire Product of Integers only; therefore the Unit's Place 
the Multiplier was ſet under the Unit's Place of the Multipli- 
nd. This, I ſay, being once rightly wand, Will render 
he Method wy in Prattice, ' Tf ds 


, * » 
* . „ * —_ RY 
mn I —— / I” a 4 a 


OY 4 Diviſion 75 Decimals, 


7 I 7 ISI 0 Ni is 1 the moſt difficult Part of Decimal 
Arithmetick: In order therefore to make it plain and eaſy, 
t will be convenient to reſume what has been ſaid in page 25. 


The Quotient Figure is always of the ſame Value or Degree 
iz, 


1 with that Figure of the Dividend, under which the Unit's 
57 N. Place of it's Product Hands. 


d, art 


As for Inſtance, Let 294 be divided by 4. 


1; and 
be fir This is not 7 but 70, becauſe the Units 
ins tl 4 294 (7 Sits of 4 x 7 ſtands under the Tens apy! 
28 TCof the Dividend - 

14 (3 But this is only 3: 

11 


demains (2) Hence 73 is the Quotient. 

Now if fo the Remainder 2 there be annexed a Cypher (thus, 
,0) and then divided on, it muſt needs follow that the Unit's Place 
ff the Product ariſing from the Diviſor into the Quotient, will 
and under the annexed Cypher ; conſequently the Quotient Fi- 
ure will be of the ſame \ {48 or Degree with the' Place of that 
ypher : But that is the next below the Unit's Place, therefore the 
votient Figure is of the next Degree or Place below Unity 3 
tat i is, in the ark Place of Decimal Parts, 


8 and 


ri Thus 4) 2,0 65 
Go that 9 294,0 (73,5 the true Quotient required. . 
This being well underſtood ;- Diviſion of Decimals may (in all 
he various Caſes) be eaſily performed. However, that it may 
rendered plain and eaſy even to the meaneſt Capacity „if palihe; 
| Ares be 8 defined, ig page 2124; „ vn 
| ; VIZ. 


9 


"Part 


VI, 77 that Number whah Devides another, be 5 — with 
the Number which is quoted, their Product will be the Number dividei 
This Definition alone (if compared with the Rule, pag: 670 
will afford a general Rule for +> Some Bi the 0 Value of the 
Quotient Figure in Diviſion of Decimals. 
The Place of Decimal Parts in the Divifor and Qustien, 
Rule Ag counted together muſt aliuays be equal in Number wi 
| thoſe in the Dividend. And from this general Rule ariſe 
Cfour Caſes. 


*, Caſe 1. When the Places of Parts in the Diviſor and Divide 
are n the Quotient will be whole Numbers. ©; 


| As in theſe Examples. 
Bag 295,75 (5 20079) 4368 (56 
gn ra 40S 
, 42 25 ; Win. A 22 48 
2 25 2 Te 468 
1 Wo) 


Caſe 2. When the Places of Parts in the Dividend exceed th 
in the Diviſor z cut off the Exceſs for fa Parts in the We 
tient, As in theſe 4 E xamples, 


24,3) 780,516 (32,12 3z3 0) 34246,056 0866 
729 . „ 
— * 2 
515 | 3726 
486 = 5 11 a + > go. 
lt lM CCC 
___ 8300 128550 77 005 
4 770 1744 
(0 2 3738 2 4564 % 8d] 
| I 2616 


' Caſe 3. When there are nat to many Places of Parts i the 
Dividend, as ate in the Diviſor; annex Cyphers to the Dividend 
to make.them equal, Then Wr wy Quotient be whole Nun. 


bers, as in Caſe J. ; * 
Cid 4 3 * 5 BXAMPLES 


thoſe 
Quo- 
655 4h 


* 


in the 
vidend 


Nun: 
AX 


1 Caſe ks If alter Diviſion is finiſhed, there are not ſo many Fi- 
general Rule; ſupply their defect by prefixing Cyphers to it. 


Nete, When Decimal Numbers are to be divided by 10. 0. 


ſeparating Point in the Dividend, ſo many Places towards the 


n B. Of DegimalFractions. 6) 

eee oi 
Let it be required to divide 102, by 7,084, and 441 by 875 

5680) 192,100 n 7875) 44 , ooo (560 
153 6f FE; | 


| n 
wil "> 
338 470 47 250 
(0) | Wy (00 


yures in the Quotient, as there ought to be Places of Parts by the 


„ #7 3X + Wn 
Let it be required to divide 7,25406 by 957. 
957) 7,25406 (,00758 the true Quotient required, 


-C $550 Again ,575) 40007475 (,0013 
285 . 9 
© 1725 
(0 . 


1000. 10000. Cc. that is, when the Diviſor is an Unit with 
Cyphers; Diviſion is performed by removing or placing the 


Left-hand, as there are Cyphers in the Diviſor. d 


)))%% ũ 
10) 5784 (578.4 100) 578,4 (57, 84 
1000) 5784 (5,784 10000) 578,4 (50784 
Note, Theſe Operations are the direct Converſe to thoſe in page 7 


4 preſume it needleſs to give more Examples at large; only I 
ſhall inſert a few Dividends, and Diviſors, with their Quotients, 
er are contained all the Varieties that can happen in Diviſion 
of Decimals. 115 | e 


368.74) 40, 3066 (8.99 

6874) 403066, oo (85900: . 
0574) 403,665 (8599 

0574) 403066 (8,59 


574) 493,066 (859 
574) 483,066 (,859 
574) 49,3060 (,085g 
574) 4939,00 (859 


K 2 


e- ** 13 


There 


& 


| — - = — — 8 
68 __  Arithmetick, Part! 
There is alſo a compendious Way of contracting Diviſion, lik 
that of Multiplication, page 64, by which much Labour may he 
ſaved ; eſpecially when the Diviſor hath many Places of Decimi 
Parts in it : And it is thus performed, OL 
Having determined how. many Places of whole Numbers they 
will be in the Quotient, if any at all; or if none, of what Value 
or Place the firft Figure in the Quotient will be: Then omit, « 
prick off one Figure of the Diviſor at each Operation; viz. fu 
every Figure you place in the Quotient, prick off one in the D. 
viſor; having a due Regard to the Increaſe which would ariſe fron 
the Figure ſo omitted. | — 


EXAMPLE. 


Let it be required to divide 70,23 by 7,9863. 
The Work contrafted. | The ſame at Length 
7,9863) 70, 2300 (8,7938 | 7,9863) 70,2300 (8,7038 
- + „„ 6 . 63 890 
"= : 3390 * 6 339600 
| 5 5904 || . 
7e TY h 749100 
7187 TH __ 7187167 _ 
305 „ 
2239 2390589 
66 646410 
— * * 
(2 1 * 075⁰⁰ 


The Work contracted 1 preſume is ſo obvious (if compared 
with the ſame at large) that it is needleſs to give any farther 
Explanation of it. 5 | 


1 


tt. —_ 
ad * — 


Fa. 5. To Reduce Uluigar Fractions ino Decimals 


and the contrary. 


2 


AN Y Vulgar Fraction being given, it may be reduced, or i 
ther changed into Decimal Parts equivalent to it. Thus, 
Annex Cyphtrs to the Numerater, and then divide it If 

Rule the Denominator, the Quotient will be the Decimal Parts 

equivalent to the given Fraction; or at leaſt ſo near it di 


may be thought neceſſary to approach, 
ö EXAMPLE 


— 
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| EXAMPLE. 
It is required to change or reduce 4 into Decimals. 
4) 300 (,75 The Decimal Parts required. 


73 


Fü hat is, 4 = 435 = „5. EO, 
her Again 1 2,5; thus 2) 1,0 (,5. And 4 = 25; 4) 1,00 (,25 
ae Suppoſe it were required to change ; into Decimaas. 


| We 4,0000000000 (,5714285714 Cc. = 7. 

Note, When the laſt Figure of the Diviſor, (that is, the De- 
ominator of the propoſed Fraction) happens to be one of theſe 
Fioures z Viz. 1. 3. 7 . or 9 . (as in the Example) then the 
Decimal Parts can never be preciſely equal to the given Fraction; 
et by continuing the Diviſion on, you may bring them to be very 
near the Truth. As in this Example; Suppoſe it was required to 
Change £3 into Decimal Parts. 


| 13) 2,0000 (,07692307692307 Ge. ad infinitum, 


* | FT 
855 90 That is, o, o) 692307 69230) = 5 fere. 
85 120 And ſrom hence it may be farther 
= obſerved ; that in theſe imperfe& 
= 2 Qauotiente, the Figures do return again 
26 and circulate in the ſame Order as be- 
5 ep fore: as you may eaſily perceive they 
40 begin to do in the ſeventh Place of 
- 39 both theſe laſt Examples. 
10 5 
pared &c. As at firſt. of 
Theſe being underſtood, it will be eaſy to find the Decimal 


rther 


Warts equivalent to any known Part or Parts of Coin, Weights, 
Meaſures, Time, &c, If you firſt reduce the given Parts of 
oin, fc. into a Vulgar Fraction, whoſe Denominator is the Num- 
ter of thoſe known Parts contained in the Integer, and the given 
arts it's Numerator. | 


— 


als, 


4 | 
| Examples in Coin, &c. „„ 
0r 1. r. Let it be required to find the Decimals of 16s, 6 d. Firſt 


Us, 


10. 28 of one Pound, and 64. =& of 1 J. 

it h But 48 + + = 48. Then 40) 33,000 (, 825 the Decimal 
Parts WF *its required: That is, 825 = 165. 6 d. 
- it a Again, Suppoſe it were required to find the Decimals equal to 


LE, 


30. 135, 44, 
Here 


Tables in Chap. 3. will be found very uſeful. 


* 


"= , „ 


70 -  Artthmeticeſ, Pal 


Here 3/. is 3 Integers, and 13 6. of 11. and 49. 1 
But 48 + ++ = 148. Then 240) 160, oo0 (o, 666666 6. 
Hence 3 /. 13s. 4 d. 3, 666666 Cc. As was required. 

2. What are the Decimals equal to 7 + Inches, one Foot being 
made the Integer. ? Deg 
' Firſt, 7 Inches are m of 1 Foot, and 4 of 1 Inch are 2, 
But & + & A. Then 48) 31,000 (,64583 &c. = * Inchez 
3. Let it be required to change 8 Oz. 19 Pwt. 8 Grains inty 
Decimals; one Pound Troy being the Integer. 4 

Theſe being reduced into the leaſt Terms, and added together, 


will become 443% of 1 Pound. 


Then 5760) 4304,000 (, 74722 Cc. The Decimals required, 
And thus may any propoſed Parts of Coin, Weights, Meaſure, 
Sc. be reduced or changed into Decimai Parts; which perhap 


may at firſt ſeem ſomewhat tedious in Practice, but being a little 


acquainted with them it will be found very eaſy ; and the ingeniou 


Practitioner will (with a little Conſideration) ſoon find how to 


reduce them almoſt mentally ; or with the help of a very few Fi. 
gures, without the Uſe of ſuch large Tables as are ufually inſertel 
in Books of Decimal Arithmetick ; or at moſt they may be contrac- 
ted into ſuch as th:ſe following, which if duly applied to thoſe 


y * 


| Decimal Tables. 
1 In Engliſh Coin. # Averdupois IVeight. ” 
VVV o, 625. . . = I Ounce. 


1 
= XL 


0,0046667 = 14. 0,00290625 = 1 Dram, 
0,00 104167 = 1 Farthing. || I lb being the Integer. 
1 J. being the Integer. 1 | 


| Troy Weight. Averdupois Great Weight. 
ee 13h „„A XT 
| [o,00208333 = 1 Grain, o, oo892857 = I Ib. 
1 Oz. being the /nteger., || 0,00055803 = 1 Ounce, 
e oy N 1 C. being the Integer. 
Apothecaries Weight. | Time 


, 125. . . 2 I Dram, || 0,04166667 = 1 Hour. 
0,04166667 = I Scruple. | | 0,00069444 = 1 Minute. 
0,00208333 = 1 Grain. || 0,00001157 == 1 Second. 
1 Oz. being the Integer. || 1 Day, or 24 Hours, being made 
133 { the Integer. 


SAS 


.,., 


"The Uſe of theſe Tables will be evident by the following 


7 
w 


4 


— — — 
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 EXAMP 2 
Let it be ka to find the Decimal Parts equivalent to 
5. 94. 2 Farthings. x 
"I 0,05 I. Therefore . . 217. 
and ,004160=1 d. Tamm „0041 66x9==,037494=9 4. 

= $6043; Alfo 2),004166(= tern uy 4 d. 


Conſe bend their Sum, VIZ. 0,88957 5731701. 
Now to find the Value of Decimals in known He 5 on 
r Weights, Ic. is only the Converſe of the former Work, and 

thus per med. 

Multiply the given Decimals with the Denominator of the Vul- 
ar Fraction required: That is multiply the Decimals with ſuch a 
Number of Un ts as are contained in the next lower Denomination 
# that Kind or Species which your Decimal is of; and the Pro- 
ut will be the Number required. 


EXAMPLE, 
1. What is the Value of 0,825 Decimals of 1 Pound Sterling. 


xc-pext lower Denomination is 20, becauſe 205. make one Pound. 
oe Therefore 9,825 
| , . £5: 


Shilling 16,500 and Parts of 1 Shilling, 
| ; > 


. —— 

Pcs 6,000 | Anſwes 0,825 = = 16 5. 6 FA 
| Again, What are the known Parts of Engliſh Coin _ 7 to 
3666666 Decimals. 


Here the 3 Integers are 3 Pounds. Then 666666 
20 


* e us, : . % 4 1 g iv 


| Shillings I 13, 33 ; 3320. 
Anſwer 3,666666 = 31. 135. 44. 666640 
FFF 


bp Penee 3,9099840 = = 4 near. 
ht is the Value of 0, 4722 Parts of 1 1b Troy. 


%, Then, ee, dee, 53289 


5 4 24 
Tam © Pate PETE „ 
EE 3 

Oz, 8 8, 96664 l Oz Pur, Gr 1 9 3 85 — 
2 » "Þ , 8 | '29 : 20 

These collected are 8B. 19. 8. very near. 1 


- 7 ” 
_— h — as 

n 22 * , , n ry n 

. 5 - — nngh - * 4 W__ 

ky — * e of 5 
2 07 > 6 ." HT PPP 3 N. 1 
rer "ys eee — ON - 8 — 
— _ — wh > 7 « 


That is, how many Shillings, Pence, c. , 825. Firſt, the 
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Oc. But of that more in it's proper Place. I ſhall therefore con. 


will be leſs than the Multiplicand, in ſuch a Proportion as the 
multiplying Fraction is leſs than an Unit or T. 


fo will the given Number be to the Produtt. 


the Denominator of the Fraction, and the Quotient will be the 
Product required. Thus 12 x 4 = 3. And 12 = 4 = 3. Apain, 
12x x = 6. And I2—2=6, &c. 1 8 


be iat 4 = 48, vis. 4: 1 2: 12 : 4B, Oc. But the Trok 
of theſe will be beſt underſtood after the next Chapter, * 


Of Continued Propoztions, and bozo to change or vur 
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And thus any propoſed Number of Decimals may be turned 
changed into the known Parts of what they repreſent, viz. Why. 
ther they be Parts of Coin, Weights, Meaſures, or Time, &. 

I have omitted inſerting more Examples of this kind, becauf 
I take the Excellency, and indeed the chief Uſe of Decimal Fra. 
tions to conſiſt more in Geometrical Computations than in the 
common or practical Parts of Arithmetick as will appear further 
on; although even in thoſe they are very uſeful upon ſeveral Ac. 
counts; eſpecially in the Computations of Intereſt and Annuities, | 


Arithmetick. - © 


„ —_— 2 


clude this Chapter with a Remark or two upon the Nature aud 
Properties of Fractions in general. 
If any given Number (whether it be whole or mixed) be mul 
tiplied with a Fraction either Vulgar or Decimal, the Produd 


That is; as the Denominator of the Fraction is to it's Numeratr, 


. 


Therefore, whenever any Number is to be multiplied with 4 
Fraction, whoſe Numerator is an Unit: Divide that Number by 


43 $47 xtrea; 
From hence it follows, that if any Number be divided by : 
Fraction, the Quotient will be greater than the Dividend, by 


ſuch a Proportion as Unity is greater than the dividing Fraction. 


a. _ n ** 4 4 1 * 8 4 - 1 


_ = OS 


CHAP. VI. 


ihe Order of Things, 


SeR. 1. Concerning Arithmetical Progreſſion, uſually cali 
Arithmetical Propotion Continued. 


W HEN any Rank or Series of Numbers do either increal 
or decreaſe by an equal Interval or common Difference 
thoſe Numbers are ſaid to be in Arithmetical Progreſſion, 


"of Propoxtion, 5 ol ; 


hap. 6. 


4 er 3 47 4 off . 6 . He. 'T * Here the Dan or 
e 7. 6. 5 4. 3.2 1 common difference is 1. 
. 2. 4.6.8. 10, 12. 14 oe 11 Here the common 
uk £45.79 2 - TY We; Difference is 2. | 
„And fo of any other Lewes þ Wine common Difference is 
the WW . 4. 5. Cc. — yt 

her i ned I. 2 8 

f any three Number be in Arithmetical Progteſſois; the gam 
Its 


the two Extreams (viz. the firſt and laſt) will be * to the 
\uble of the Mean or middle Number. | 
As in theſe, 2.4.6. Or3.6.9. Or 3. 7 . rr, 
Via. * Or 3+9=6-+6. And 34112747. * 


Lemma 2. 


bi any four Numbers are in Arithmetical Progreſſion, the Sum of 
je two Extreams will be equal to the Sum of the two Means. 
As in theſe, 2 4 6 8. Or 3. 6. 9 . 12. 
Viz, 2+8=4 +6. And 3+12=6 +9. &c. 

Cerollary. I, 


From theſe two Lemma's it is eaſy to conceive, that if never ſo 
ay Number be in Arithmetical Progreſſion, the Sum of the two Kee 
xtreams will be equal to the Sum of any two Means, that are equally 

ant from thoſe Extreams. 


theſe, 2-4 64 $5 10 12 14 16. 
Then 2+ 16=4 +14 = 6＋ 1228 ＋ 10. 

Or if the Number of Terms be odd, as theſe, 
L460 ie n 44 +16. . ; 
1 Then 2 + 18 = 4+ 16 = 6＋14 8+12=10+ 10. 

Lemma 3. 
Every Series of Numbers in Arithmetical Progreſſion i is comno- 
| of the Interval or common Difference, ſo often repeated as 
re are Terms in the Progreſſion, except the firſt. 
As in theſe, 1. 3. 5. 7. 9. 11. 13. I5. 17. &c. 
Here the Interval or common Difference being two, it will 
FOE, 3128. Lk Hanes 245” DE Gama 
122 13. T3+2= 1 L 17. & 

| 2 4 

Hence i it 1s evident, that the Difference betwixt the two Extreams 
R, 1 and 1 7) is compoſed f the common Difference, multiplied 
i the N 75 F all the Terms, excepting the firſt. 
in the aforeſaid 9 T, 3. 5. . 9. II. 15. 17. 
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But 10100 — 7040= 3060 { the Eggs more than the other. 


— 


15 Number af Tens. without the firſt is 
The common Difference is 2 JN” 


The Difference bett the two Extreams "=" + 


ET | Propoſition | I, 23 
8 any ie of Numbers i in Arithmetical Progreſſion, the tw 
Extreams, and the Number. of Terms being en, thence to 
Ke the Sum of all the Series, 
| Multhhy the Sum of the tes 2 xtreqms ita tho Num. 
ber of all the Terms; and divide the Pradug hy 1, 
The Quotient will be the Sum 74 all that Series. Per 
| Ctrl, I. 13 
EXAMPLE 1. 


It is required to find the Number of all the Strokes a Clock 
ſtrikes in one whole Revolution of the Index, viz. twelve Hours, 
"Here 1 T 12=t3 the Sum of the two Extreams. 

| * © the Number of all os . 


8 


28 
2 
Then 2 156 78. The Number of Stroke required, 
EXAMPBEE 2. 


Suppoſe one Hundred Eggs were placed in a Right Line i 
Yard diſtant from one another, and the firſt Egg were a Yar 
from a Basket; whetber or no may a Man gather up theſe 100 
Eggs ſingly one after another, ſtill returning with every Egg to 
the Basket and putting it in, before another Man can run four} 
Miles. That is, which will run the greater Number of Yards, Th 

In this Queſtion 200 + 2 = 202, Is the Sum of the two Extr. Bl 

And. nes the Number of all the Terms, 
3 — 5 The Number of 


Then 2) 29209 (101005 Yards he runs that 
takes up the Eggs. 
Now 2 Miles= 7040 Yards g The Yards- he runs that takes up 


Propoſition, 2, 

In any Series of Numbers in Arthmetical 3 the tro 

e e and Number of Terms being given; thence to find ils 
common Difference of all the Terms in that Series. | 

. | N 83 9 Re 83 5 "ut 77 being 

hs 11 the {Number rms leſs an 57 

Theorem 2. | The 4 will be W bet 55 ference of ih 


Series, Per Corel, 3, 
| EXA M PLE, 


— leere n — 


5 
7 
« . 
+ = — v6. . a — PLIES —_— n 2 — kk 
: 3 


* . 
= 


4 1 * 


een N * 


One had Twelve Children that differed alike in all their Ages; 
he youngeſt was Nine Years old, the eldeſt was Thirty-ſix and 
a half; what was the Difference of their Ages, and the Age of 
ach! | Hat E GE I 
ere 36,5 — 9=27,5 The Difference of the two Extreams. 
ind 12—1=11. The Number of Terms leſs an Unit. 
Then 1t) 27,5 (2,5 The common Difference required. 
nſequently 9 ＋ 2,5 = 11,5 The Age of the youngeſt but one. 
And 11,5 + 2,5 = 14 The Age of the youngelt but two. And 


Y 
% 


ſo on for the reſt, Per Corol. 2. 
EXAMPLE 2. 


A Debt is to be diſcharged at eleven ſeveral Payments to be 

wade in Arithmetical Progreſſion. The firſt: Payment to be 
welve Pounds Ten Shillings, and the laſt to be Sixty-three 

pounds. What is the whole Debt, and what muſt each Payment 
Per Theorem 1. Find the whole Debt thus: 

12,5 +63= 75,5 The Sum of the Extreams. 


* 11 The Number of Terms. 

100 eee e 

g to BERL + > LIE EY So 

four] 2 ) 830, 5 (415,25 415 E & . The whole Debt. 

1 Then, per Theorem 2. find the common Difference of each 
T - -- 5 3 5 

2 bus 63 — 12,5 = 50,5 The Difference of the Extreams. 


And 11—1=10 The Number of Terms lefs 1. 

hen 10) 50,5 (5,05=51. 15. The common Difference. 
LETS LE ho EE Ed os | 

wana I2,11+5.1=17 . 11 The ſecond Payment, 
ff , 


\nd 7. I1 +8. 1=22: 12 The third Payment, Sc. 
EXAMPLE z. 


A Man is to travel from Londen: to a certain Place in ten 
Viy's, and to go but two Miles the firſt Day, increaſing every 
Vay's J ourney by an equal Exceſs; ſo that the laft Day's Journey 
Ny be Twenty-nine Miles; what will each Day's Journey be, 


zi bow many Miles is the Place he goes to diſtant from Londons? 
| 11 2 Firſt 
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Arithmetick. Pam 


ha] 
Firſt 29 — 22 = 27 The Difference of the Extreams, © iket 
And ro—1=9 The Number of Terms leſs 1. of 
Then 9) 27 (3 The common Difference. 
| Conſequently 2+3=5 The ſecond Day's Journey. 
And 5 + 3z=8 The third Day's Journey, &c. 
* 29 ＋2 31 The Sum of the Extreams, If 
10 The Number of Terms. of thi 
2) 310 (155 The Diſtance required, qual 
There are eighteen Theorems more relating to Queſtions i Mb E 
Arithmetical Progreſſion; but becauſe they would require a gu An 
many Words to ſhew the Reaſon of them: 1 therefore refer the 
Reader to the Second Part, vix. That of Algebra, where he mij 
find their en level. kati. 
N Het 
— qual 
ill b 
| Sect, 2, - Conteediling Geometrical Ppꝛopoꝛtion continu 
ſometimes called Geometrical Progreſſ on. 
HEN a Rank or Series of Numbers do either increaſe by one If 
common Multiplicator, or decreaſe by one common Diviſotʒ tre- 
Thoſe Numbers are ſaid to be in Geometrical Proportion continue. E 
4 4 2. 4. 8. 76. 32. Oc. here 2 is the common Multiplier 
64. 32. 16. 8. 4. Sc. here 2 is the common Diviſor. 
1E 6. 18. 54 . 1062 , Cc. here z is the common Multiplier 
162 154. 18. 6. 2. here 3 is the common Diviſor. 55 
Nele, The common Multiplier (or Diviſor) is called the Ratio; f 4 
and it ſhews the Habitude or Relation the Numbers have to one,?“ 4? 
another, viz. whether they are Double, Triple, Quadruple, &. Ane 
which Euclid thus defines. | neve 
Ratio (or Rate) is the mutual Habitude or Reſpect of two Mag: uct ot 
nitudes (conſequently two Numbers) 0 & the ſame kind each to other H 
according 10 Quantity, Euc. 5. De 
Proportion (rather Proportionalit) is a Similitude of Nati. Her 
Euc.'5. Def. 4. lerms 
So that there cannot be leſs 5 RY thite Terms to form 4 
Proportionality or Similitude of Ratio's ; and if but three Term A 
the ſecond muſt ſupply the BCE. of two, As in theſe 2. 4- 1 
That is, 2: 4: : 4: 8. (of:: ſeepage 5.) 
Here 4 the middle Term bene che Place of two Tem E 
tiong 


to ts of the ſecond and third; 8 bearing the ſame * 
|  Likene" 


6 


— 


” 


— 


hap. 6. Of P2oportton. | 77 
ikenels, or 1 to 4, As 4 doth to 2. viz. As 2: is to 
: S0 is 4: | 


— 
— 


Lemma 1. 


If three Numbers are proportional, the Rectangle or product 
f the two Extreams; viz. of the firſt and laſt Terms will be 
qual to the Square of the Mean or middle Term. (20 Eucl. 7.) 

As in theſe 2: 4 : : 4:8. Here 8 ũ 2 2 16 the Pod of 
he Extreams. 

And 4 x 4= 0 the e Square of che Mean. br. 8 x2 x4. 


— 


Cerol. I, 
Hence it follows, that if = Product of any two Numbers be 
wal to the Square of a third Number; ; thoſe three | Numbers . 
will be in Proportion. 


Lemma 2. | 


If four Numbers are proportional, the Product of the two 

xtreams Will be equal to the Product of the two Means 

10 Euchd 7.) | 
As in theſe, 2:4::8: 16. Here 16 x 2 = 32. 
And 8x 4 = 32, Conſequently 16x2=8 x 4. 


Olle 
or; 
led. 


lier, 
. 


lier Coro. 4 


From hence it follows, that if the Produf? of any two Numbers, 
equal to the Product of ny other two Numbers, thoſe four Num- 
rs are Proportionals. 

And from theſe two Lomma's $ it will be eaſy to conceive, that 
never ſo many Numbers are in continued Proportioe ; the Pro- 
uct of the two Extreams, will be equal to the Product of any 
wo Means, that are equally diſtant from the Extreams. 

As in theſe 2 4 8 16 32 04 Ce. 
Here 64 x 2 = 32 x 4 = 16 x 8. &c, And if the Number of 
Lerms be odd, e 5 


tio; 
One 


&c, 


Hag 
ther, 


1110's, 


*. 
rms As in theſe 2. 4. 8 whe, 32 : 64 . 128, Cc. 

8 Then 128 x 226454 32 x8 16 v 16. 

rm Note, The Charafter made Uſe of to / uh continued Pro- 
aſon 8" '!nals is —, 


In 


— 


any one of the Antecedents is to it's Conſequent : So will the Sun 


"= "Arithmetic: «© Far 


In every Series of 2 — h. of continued Proportional) tharNg Nun. 
ber which is compared to another, is called the Antecedent of t 
Ratio; and that Number to which it is compared, is called it, 
Conſequent. 

As in theſe, 2; 4: £1 8. Here. 2 is the Antecedent, and 
ls the Conſequent ; and 4 the middle Term is an Antecedent to j Neo: 
it's Conſequent : whence it follows, that in every Seties of A 4 
the middle Terms between the arſe and A ate both Anteeeden 
and- Conſequents. r Or 

As in theſe, 2.4.8. TY * 64 Ge. Here 4+ 8. 6. 3 on] 
are bath Conſequent and Antecedents. jo 

For 2:1 *$ 1: $: 1652 26 14 2h 22: 64 &e. by 

So that all the Terms except the lat are Antecedents. Ani 
all the Terms except the firſt are Conſequents. 


Lemma 3. onſec 


If never ſo many Numbers are proportional, it will be: 4 


of all the Antecedents be; to the Sum of all the Lou 


(YZ Euclid 8. ) 


| Let 

That is, in the foregoing Series. the 

2141 ee hp hs 4 bet a + 64. 9 
For it is evident, that 4 + 22 + 1. ho * of al 


the Conſequents, is double to 2 = W 8 + 16 + 32 the Sum of 
all the Antecedents; as 4 is to 2, according to the Ratio, and 
would have been Triple, or Quadrugee, Wc had the Ratio been 
3 or 4, Sr. 

Note, In every Series of = the Ratio i. found by dividing any 
the Conſequents by it's dtogedent 

As in theſe 2: G:: 6: 18: 54 :: 54: 162. n 

Here 2) 6 (3 the Hrs 2 6) 18 (3 Oc. {ter 

From the ſecond and third Lemma's may be raiſed two genen m 
Theorems or Rules, for finding the Sum of any Series in ++ with 
out a continued Addition of all the Terms. 

Let the Series 2.4.8. 16. 32. 04. 128 . be given, 4th 
find it's Sum, 


Suppoſe 2 = the Sum of all the Terms. | 

Then will 2 — 128 = the Sum of all the Antecedents. 
And z—2 = the Sum of all the Conſequents. 

But 2: 4: 2 — 128: 2— 2. per Lemma 3. 

Ergo 42— SI2=22= 4 per Lemma 2. 1 

| | Conſequent!y 


entiy 


of. Propaxtion. 


| Conlequently 4 22 31a 4. 5 


| Theotem: 155 * 1 2 la Wards at length 8 


From the Product of the ſecond and laſt Terms 
fubſtra#t the Square of the firſt Term, and vhat Re- 

mainger being divided by the ſecond Term * the fir/b 
Corll give the Sum of all the Series. | 


Or if the firſt Lerm, the common Ratio, and the ks Term 
x only given. Then, F WT 


Theorem I. 


| 1 1 ou Mwltiph 5be laſt Tarm. Inte the 7 and from - 


their Product Subſtract the firſt Term; divide that 
Remainder by the Ratio lefs Unity or I, and it will 
give the Sum of all the Serie. 


For 4Zz — 22 2 512 — 4. As above. 
onſequently 2 * — 2 Lo 2 viz. the laſt divided by 4A. 


Then $ . 


Theorem 2. 


5 * = Therem - 


EXAMPLE. 


Let 2. 6. 18 54. 162 . 486. be the given Series. Utter Y 
| the firſt Term, Zis the Reſin. and 480 the laſt Term, 


But 486 x 32 1458. And 1458 — 2= 1456. 
Then 3— 2 2) 1456 (728 the Sum required, 
That i is, on phe 6 511K 262 4 496. 


Cince in either of theſs Theorems it is required to have the 
ſt Term known (the which in a long Series of => will be very 


edious to come at by a continued Multiplication ; it will thete fore 


e convenient to ſhew how to obtain either the aſt Term or any 


ther Term, whoſe Place is aſſigned, without produeing all the 
lerms. 


In order to that, it will be neceſſary to premiſe the Coherence 
dimilitude that is betwixt Numbers in Arithmetical rg feen 


nd thoſe in Geometrical Proportion. 
If to any Series of Numbers in + when the firſt Term is not 


Unit or 1, there be aſſigned a Series of Numbers in Arithme- 


cal Progreſſion, beginning with an Unit or 1, and whoſe com- 
bon Difference i is 1. called Indices or Tayopenss | Wk 


T © Ye Up 3 VEE Ans Indices 
bs . 32 64 128 Cc. == * 
| Then 


0 gk 1 W —— —— 
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1 


Then wil the Addition or Subſtraction ＋ any two of thoj thoſe 
Indices (or Numbers in Arithmetical Progreſſion) directly c. 
reſpond with the Product, or — of their reſpective Term 
in the Series of ++, Ns 


As 3+4= 


| Thati i So 8 x 16 Das the ſeventh Term in 2 
Win, th * 0 Lesbe the tenth Term in = 
1 5 Yn] So 80 120 8=16 3 N 85 tene 
But if the Soils do 2 22 begin with a an n Unit, the Indices mul 
begin with a Cypher. 


1 LE 3 4 1 6. Cr. 
As in theſe, 1 2. 4. 8 . 16. 32 . 64. 


Now by the help of the Indices, and a few of the firſt Terms 
in any Series of == It is plain that any Term whoſe Place or D. 
Nance from the firſt Term is aſſigned, 2 be ſpeedily obtunel = 
without en the whole Series. 


EXAMPLE . 


A Man bought a Horſe, and was to give a Farthing for the firt 
Nail, two for the ſecond, four for the third, &c. in &, the 
Number of Nails was to be 7 in every Shoe, viz. 28 Nails in al. 


| Vip muſt he have 9 for the Horſe? 


$6 45 5. Indices 
"Fw ; "0 5 54 0 33. Farthings in + 
Tr... 3 5+5=10 Io ＋ 10 20 
Then, 33 3. 1024 And To I024 x 1024 = 1048576 
gain. J 4+3=7 20 ＋ = 7 
A in, f r 20 Lally, 1668756 128 73427 Th 


Which is here to be e the 28 and laſt Term. Becauſ 
the firſt Term in the Series 1, which doth neither multipy 
nor divide... | 

Now this 1 34217728 being dhe Number of Farthings 0 

paid for the laſt Nail, by it the common Ratio which is 2, and 
the firft Term which is 1, may be found the dum of all the 
2 5 per Theorem 2. | 


1342 


R — i . a ; | VO" 1 1 : 
| hap. 6. Of 520 11170 10 | 5 &c. | N 81 
0 1342778 i i WS 

N I 1 es 2 Htg an : ' i ; 


1 35456 From this Pac blatt 153 ; 
z. 268435456 2 1 26843545 5. Then 2—1=1 the Diviſor. 
Conſequentiy 26843545 5. is the Sum of all the Series, or Price 
the Horſe in Farthings, which being brought into Pounds, 


e page 40) n 5 5. 34. | rg . 
EXAMPLE. 


A cunt Stent agreed with a Maſter (unskilled In Numbers) 

> ſerve him Eleven Years without any other Reward for his | if 
rvice but the Produce of one Wheat Corn for the firſt Year; 
1d that Product to be ſowed the ſecond Year, and fo on from Þ 

ear to Year until the end of the Time, allowing che Increaſe 

be but in a tenfold Proportion. | 188 
It is a to find the Sum of the whole Produce. 


ad. 
— 


2 "op — 2 — * 
— — n 32 4 x , * e 
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> N = = © — car — 2 S n MEE "=. * — * 
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at W 
"= I o by 
"© — —ů — * = 
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. 


ul 


rms af 1 TTC 1 or Years, © 
D. T 10. 100. _ 10000 .. I00000 Wheat Corns in =>. 
ned hy nf As 4 + 2 = 3 AN 
1 So I0000 x "BS = I000000.. the 6th. Year's Produce 
F a 6＋5 211 
I000000 x' 100000 = TOO000000000, The eleventh or 
ſt Year? J Produce. 5 


frf 
the 
all 


— 


Then either by Theorem 15 or 90 the Son of all the 93 
ill be 111111111110 Corns. Now it may be computed from 
age 31 and 34, that 7680 Wheat Corns, round and dry out of 

middle of the Ear, will fill a Statute Pint. If fo, 

Then 7680) 1117111111110 (14467592 Pints, but 64 pints 

ſe contained in a Buſhel. 

Therefore 64) 14467592 Eise! Buſhels, Suppoſe it to 

ſold for 3 Shillings the Buſhel ; | 


NI 


Shillings 678168 3 += 32908 I. 8; 4. 45 Ye very good” 
tcompence for ee Years Service. | 


There are Fay pretty Queſtions reſolyed * "Numbers in 
thmerical Progreſſion; and. by thoſe in == which the ingenious 
arner will eaſily perceive hereafter ; viz. When we come to 


Sdution of Queſtions relating to Intereſt and Annuities, Ic. 
M There 


/ 


82 5 Arithmetick, 4 F Patt | 
There is alſo a third Kind of Proportion, called Muſe 
which being but of little or no common Uſe, I ſhall there 
give but a ſhort Account of it. 
Muſical Proportion or Habitude is, when of three Numben: 
the firſt hath the ſame bis wht to the third, as the Diflerenc 
between the firſt and ſecond hath to the Difference between th; 
frond ELDEST ET TEE THT 5 
As in theſe, 6. 8. 12. viz. 6: 12 :: 3 12—8 
If there are four Numbers in Muſical Proportion; The fu 
will have the ſame Proportion to the fourth, as the Difference 
between the firſt and ſecond hath to the Difference between the 
. wn bo cs e 
M in theſe 8. 14 21. 84. 
Here 8: 84 :: 14 —8=6: 84 — 21 2 63. 
5 „That à, 8: BA :: 65: 63. 
The Method of finding out Numbers in Muſical Proportion 
is beſt expreſſed by Letters; as ſhall be ſhewed in the Agebrail 
Part, | | | Y 5 ä Sy 
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Sea. 3. How to Change er Uary the Order of Things, bi 


| T HIS being a Thing not treated of in any common Books 

L Arithmetick (that I have had the opportunity of peruſing) 
made me think it would be acceptable to the young Learner to 
know how oft it is poſſible to vary or change the Order or Poſition 
of any propoſed Number of Things. 


-- 8 9 


As how many ſeveral Changes may be rung upon any propoſed 77: 
Number of Bells; or how many feveral Variations may be mit be 


of any determined Number of Letters, or any other Things pro- 
poſed to be varied. 1 

The Metbod of finding out the Number of Changes is by a contimul 

Multiplication of all the Terms in a Series of Arithmetical Prat 

ſions, whoſe firſt Term and common Difference is Unity or 1, A 

the laſt Term the Number of Things propoſed to be varied, Vit 

Ix2x3x4x5x0x7, Fc. As will appear from what follows. 


1. If the. T hings propoſed to be varied are only two, they ad 
mit of a double Poſition (as to Order of Place) and no more. 


2, And if three Things are propoſed. to be varied, they mi 
. . J 


hap, 6. 


of Pzopoztion, Kc. 


more. 


For, beginning with 1, there will be . 


Again, beginning with 3 it wall be 


Which in all make 6 or 3 Times 2, vis, 


poſe four Things are propoſed to be varied ; 
Then they will admit of 24 ſeveral OO as to their Order 
f different — 


For e the Order with 1 it will be 


Here is ſix different Changes. 


And for the fame Reaſon there will be 6 different Changes, 
aden 2 begins the Order, and as many when 3 and 4 b 

Order; which in all is 24 =1 x2 x 
f proceeding, it may de made evident, that 5 Things admit of 
20 ſeveral Variations or Changes; and 6 Things o 720, He. 
o in this following Table. 


i changed ſix ſeveral Ways 1 to: their Order of Place) and no 
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13 2 


$79.0 


412891 


1 * 2 x 1 


1 the 
3 * 4. And by this Method 
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of Things 
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propoſed to 


be varied. 


The manner * Vi 


their ſeveral 
Variations are 
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40320 x 9 


362880 x 10 1 


6 x 11 
39916800 x 12 
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The di different 8 or | 
Variations every one of 
the propoſed Numbers can 
admit of. 1 
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= 40320 [i 
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84 Arithmetick, / - Pant 
i Theſe may be thus continued on (o any, aſſigned Numbe: 
Suppoſe to 24 the Number of Letters in the Alphabet, wic 
will admit of 6204484017 33239439 360000 ſeveral Variation, 
From theſe Computations may be ſtarted ſeveral pretty, and i. 
deed, very ſtrange Queſtions. 5 


3 | aL Al 
k | EXAMPLES. fame 
1 | | 5 1 5 . IB. | a 118 | \ A & Secor 
Six Gentlemen, that were travelling, met together by Chanel Year 
at a certain Inn upon the Road, where they were ſo pleaſed wi as m. 
their Hoſt, and each other's Company, that in a Frolick they nl 
a Contract to ſtay at that Place, ſo long as they, together with thei; iſ} — 


Hoſt, could fit every Day in a different Order or Poſition at Du. 
per; which by the foregoing Computations will be found near 14 
Years, For they being made 7 with their Hoſt, will admit gf 
5040 different Poſitions; but 5040 being divided by 365 J (the 
Number of the Days in one Year) will give 13 Years and 241 
Days. A very pretty Frolick indeed. _. 

I have been told, that before the Fire of London (which happenel 
Anno 1666) there were 12 Bells in St Mary Le Baw's Church in 
Cheapfide, London. Suppoſe it were required to tell how many 
ſeveral Changes might have been rung upon thoſe 12 Bells; an 
at a moderate Computation how long all thoſe Changes woll 
have been ringing but once over. 


_ Firſt, IxX2X3X4X5 x 0x7 x & x x IO x IIX 1247900160 
the Number of Changes. . 


Then ſuppoſing there might be rung 10 Changes in one Mintzte: 
VIZ, 12 x 10 2 120 Strokes in a Minute, which is 2 Strokes in 
a Second of Time: Now according to that Rate there muſt be 
allowed 47900160 Minutes to ring them once over in all their 

different Changes ; viz. 10) 479001600 (47900160. 

In one Year there is 365 Days, 5 Hours, and 49 Minutes; 
which, being reduced into Minutes, is 525949. 

Then 525949) 47900160 (91 Years and 26 Days. he P 
So fong would thoſe 12 Bells have been continually ringing 
without any Intermiſſion, before all their different Changes could 
have been truly rung but once over. It is ſtrange, and ſeems al- 
moſt incredible, that a few Things ſhould produce ſuch Varieties. 
But that which ſeems yet more ſtrange and ſurpriſing (yea, even 
umpoſſible to thoſe who are not verſed in the Power of Number 


we x 7 15 
zen f 


) 


Tap 7. ___ Of Pyopottlon, &c 85 


v that if two Bells more had been added to the aforeſaid 12 they 
ould have advanced the Number of Changes (and conſequently 
the Time) beyond common Belief, For 14 Bells would require 
(at the ſame rate of. ringing as before) about 16575 Years to ring - 
all their different Changes but once over. 5 

And if it were poſſibſe to ring 24 Bells in Changes (and at the. 
fame rate of 10 Changes in a Minute, which is 2 Strokes in one 
Second) they, would require more than 117000000000000000 
Years to ring them but once over in all their different Changes; 


las may eaſily be computed from the precedent Table. 
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of Pꝛopoꝛtion Disjund: commonty called the Golden 


EL . 
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enel 3 : | 1 ß. oa ed 

þ in L Reportion Digjunct or the Golden Rule, is either Direct or 
any Reciprocal, called Inverſe. And thoſe are both Simple and 

an (ompound. 1 . 


out | 5 
SECT. 1. 
[) Ire? Proportion is, when of four Numbers, the firſt bearing 
the ſame Ratio or Proportion to the ſecond ; as the third 
%% ͤ ͤ K | 
YL As in theſe2:8::6:24. | 

Conſequently, the greater the ſecond Term is, in reſpect to the 
i; the greater will the fourth Term be, in reſpect to the third. 
That is, as 8 the ſecond Term is 4 Times greater than 2 the 
rſt Term: So is 24 the fourth Term, 4 Times greater than 6 
ie third Term. ** V 
Whence it follows, that if four Numbers are in Direct Pro-, 
ortion, the Product of the two Extreams will always be equal to 
de Product of the two Means, as well in Disjunct as in continued 
toportion ; according to Lemma 2. page 77. 
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For As 2: 2 54. 6.64. Or As 3:3 5 6765. 
But 25 G 4=2x 4 x 6. Or 3x6x5=3x5x6. 


hat is, the Product of the Extreams is equal to that of the 


Means. b 


| Again, 


| Again, tbe leſs the ſecond Term is, in reſpeR to the firſt ; th 


the flating of any Queſtion in this 


Pan l 


leſs will the fourth Term be in reſpect to the third. 
A s in theſe 18: 6:: 12: 4. 
TL)hat is, 18: 18 3: : 12: 12 3. 


But 18 * 12 ＋ 3 = 18 3 12. Viz, 18 „4 bx 12. 


Conſequently 2. 8. 6. 24. And 18. 6. 12. 4. are try 
Proportionals, per Corel. 2. page 77. 
From theſe Conſiderations, comes the Ir vention of finding: 
fourth Number in Proportion to any three given Number, 
Whence it is called the Rule of Three, © | 
For if the ſecond Number multiplied into the third, be equi 
to the firſt multiplied into the fourth, it is eaſy to conceive, that 
if the Product of the ſecond and third be divided by the firſt, the 
uotient muſt needs be the fourth Number. For if that Number, 
which divides another, be multiplied into the Quotient produced by 
that Diviſion ; their Product will be equal to the Number divided, 
See page 21. ET uy» | 
As in theſe 2: 8:: 6: 24. Here 8 * 6=48 = 24 x 2. 
But if 24 x 2 48, then will 48 ＋ 2 = 24. Or 48 = 24=2, 


# 


Note, Any four Numbers in direct Proportion may be vari 
ſeveral Ways. As in theſe, 5 | 

Viz. If 2: 8:: 6: 24. Then2:6::8: 24. 
And 6: 4: 2. 8. Or 24: 6:: . 


Theſe Variations bring well e arg oil] be of no ſmall Uſe it 
ule of Three. 
When three Numbers are given, and it is required to find 
fourth Proportional ; the greateſt Difficulty (if there be any) will 
be in the right ſtating the Queſtion, or abſtracting the Number 
out of the Words in the Queſtion, and placing them down in their 
proper Order. h | 
Now this will be very eaſy, if it be truly conſidered, that al- 
ways two of the three given Terms, are only ſuppoſed, and 
aſſigned or limit the Ratio or Proportion. The third moves the 
ueſtion ; and the fourth gives the Anſwer, 
As for inftance; if 3 Yards of Cloth coft 9 Shillings: What 
will 6 Yards coſt at the ſame Rate or Proportion ? 
Here 3 Yards, and 9 Shillings, are two ſuppoſed Numbers 
that imply the Rate; as appears by the Word [if] viz. If; 
Yards colt 9 Shillings (chen comes the Queſtion) What wil 
6 Yards coſt? | 5 7 


| Theo 


— 
. l! 


1 * ” 4s 
_ — * * 4 


* ip 7 8 of Proportion, ec. 87 


. B. The Term, which moves the Queſtion, hath generally 
ſome of thoſe Words before it; viz. What will: How many: 2 
Dow long? Pow far ? or How much? &c. 

| Then (carefully obſerve this; viz.) The firſt Term in . 
Cyppoſition maſt always be of the ſame kind and Denomination 
ith that Term which moves the Queſtion. And the Term 
ſought will always be of the ſame kind and Denomination with 
he ſecond Term | in Sas ae . 


* 


2 | Ten 
qul A * in des 2 may be anſwered by three 
that everal Theorems. 

the 

ber | Multiply I Cd ond tir Tus aber, ond 
d by WT beorem 1. Th divide their Product by the firft Term; the np 
ded, _ will be the anſwer required. 7 | 


2 il. * „ 
Thus 3 : Je.» f 18. The Anſwer. = 


| „ ity 3 the eva Tem 
ried 1 | 42) 54 4 18 Stilings, (was Shillings. | F 


| Divide the fecond Term by the firſt, then multiply the 
heorem 1 Duotient into the third Term; 3 and Pony Product 
will be the anſiver OP | | 
* A. yds ſbil. 
"0 23600 
Thus 3 9 (=3- Then 3x6=18, as . 


will 
ben Divide the third Term by the firſt, then multiply the 
beit Theorem 3. f Quotient into the ſecond Term, and their Product 
| will be the anſwer. EN 
al _ A. Jas Mil. U 
and 9 : 6: 18. 
e Thus j 6 1 2. And 9 x 2218. as — | 


Here you fee that all the three Theorems are equally true; but 
tte firſt is moſt general, and uſually practiſed. Yet the two laſt 
may be readily performed, when either the ſecond or third Term 
an be divided by the firft ; and will be found of ſingular Ufe in 
lie Rules of Fellowſhip, &c. as will appear further on, 


' Queſt. 2. Tf 8 ande of Tobacco — ng 3 what wil 
half a hundred ow (viz. 56. Pounds) coſt at the ſame Rate 


Thus 8 b. : 50 lb: #8": * 5, | The Anſwer. 
E 
i My one N 5224 OCT 
8) 784 5 985 ANY . A 
Or thus 8) 56 (=7 Then 14 x7 =98s. as before, T 


% veſt, 3. If 14. Si lings will buy 8 Pounds of Tobacce; 3 -how 
2 will 41. 185. thy after the ſame Rate? 


Stated thus, 14: 8 lb:: 41. 185. 2985. 
Then 98 * 8 784. And 14) 784 (656. T Anſwer, | 


" Duet. 4. Tf balf a hundred Weight. of Tobacco be worth 41 
18s, How much may I 6. for 14 Silk! at n 


Stated thus, 4 J. 18 f. *$6 b:: 145. : 
Then 56 * 14 = 784. Sa 98) 784 (8 lb. "The 2 Arifrer, 


AQueſt. 3. Suppoſe 41. 185. will buy 56-Pounds of Toba; 
what will.8 Pounds of the ſame, Tadel eaſt > {< 


This Queſtion is thus ſtated, 56 lb: 4 J. 18 f. 1 8 lb 
Then 98 x 8= 784. And 56) 784 (= 145. The Anſwer, 


Mere, The three laſt Queſtions are only the ſecond varied, being 
| Propoſed purely to give an Inſtance how any Queſtion in this Ru 
of Three may be varied, according to page 86, 


ueft, 6. What will three quarters of a Yard of Velvet col 5 | 
when the Price of 21 Yards and. a half is worth 221. 10 35. bl, 
This Queſtion truly ſtated will ſtand e rn 


Thus, 21 I ods: 22 J. 105.64. :: 4 1 To the 8 


Which may be found three ſeveral Ways; VIZ, * Redufiim; 
by Fulgar Fractions; and by Decimals. ED 


1. By 2 Bring the firſt and third Teide into one 
Denomination; iz. into Quarters, and reduce the ſecond Term 
into it's leaſt Denomination, per Sect. 4. page 42. | 


| Thus 21 4=86 Quarters, And 221. 105. 6 =5406-Pau 
Then 86: Noe 3: 15 5s, 8 8 60. eta ho 8 


And 


Viz 


Fa —_— 


hap. 7. Of Pꝛopoztion, &c. 99 
—And 86) 162 18 (188 88d. Then 188 88 Pence = 15 5. 
g 22+ Farthings ; the Anſwer required. 

2. The ſame Queſtion ſtated in Yulgar Fractions will ſtand 
NH =”; 35 =: 273; (See Se 3. page 50.) 
hen 22% x 4 = r. And ) e (= 8889 page 85, 56. 
Theſe 3888 Parts of a Pound are brought into Shillings by 
ultiplying the Numerator with 20, and dividing the Product 
py it's Denominator, Sc. ks | 8 
Thus 5406 x 20 108120. And 6880) 108120 (15 5. 

And there remains 4920. Again 4920 x 12 = 59040, 

Then 6880) 59040 (8 d. and 88, as before. 


OW 


„ The ſame wrought by Decimal Fradtions will be thus; 
21 12 21,5 22 J. 105. 6 d. = 22,525, and 4 = , 75 
Therefore 21, 5: 22,525 :: 0,75 : to the Anſwer, 


ben 22,525 „ 0,75 = 16,89375 
Aud 21,5) 16,89375 (0,7857 J. =15 5. 8 d. 2 far. rs 


Quell. 7. If 2 C. 3 grs. 21 Ib. of Sugar coſt 61. 15. 8 d. 
Vhat will 12 C. 2 grs. coſt at the ſame Rate? OY 
That is, 2 C. 3qrs. 21 Ib: 61. 15. Bd. :: 12 C. 2grs. To what? 


ca; 4 8 5 
11 gre.” (I21 5, 50 grs. 

— 1: . 28 

Fl 88 Es =_ 1400 lb. 

ein CT ES 

Rule 


Viz. 3084+21=329 lb: 1460 L: 1400 Ib : — 


Then 1460 x 1400==2044000. And 329) 2044000 (6212 4 d. 
251, 175, 8 4 d. the Anſwer required, To 


The ſame Queſtion ſtated in Decimals will ſtand 

Thus 2,9375 : 6,0833 : : 12,5: To the Anſwer. 
Then 6,0833 x 12,5 = 76,04125 which being divided by 
9375 will give 25,8863, Cc. the Anſwer in Decimals, which 
wpht into Coin, will be 25 J. 175. $54. as before. 
Note, J/hen the firſt Term is an Unit or 1, the Queſtion is 
wered by Multiplication only. | 


Example. Suppoſe I give 5 Shillings 4 Pence for one Ounce of 
tr, What muſt J pay for 32 4 Ounces at the ſame Rate? 
That is 1 Ounce: 5 f. 4d. : : 32 1 Ounces: To, &c, 
lich is beſt Rated thus 1: 64 d.: 22,6: : 
e e Then 


9 Arithmetic, Pat 


Then \32,5 x 64 =20804,=81, 135. 4d. the Anſwer required 
For 1 neither multiplies nor divides. | | 1 
WMhen the ſecond or third Term is an Unit or 1, then de 
Queſtion is anſwered by Diviſion only. As in this Exampl,, 
If a Silver Tankard weighing 21 Ounces, colt 5 /, 19 5. Why 
that an Ounce ? x, 


Thus 21 oz. : 5 J. 19s. = 1195. :: 1: 55. 8d. the Anſwer 
That is 21) 119 (255. 11 255. 8d, 


The Proof of all Queſtions in the Rule of Three Direct, my 8 
be eaſily conceived from what hath been already ſaid; i, vbe 
That the Product of the firſt and fourth Terms, muſt always b: 
equal to the Product of the ſecond and third Terms. 2 
Or otherwiſe,. by varying the Queſtion, as in the ſecond, iſ" 
third, fourth, and fifth Queſtions, _ ; 
I ſhall conclude this Section with inſerting a few Queſtion nue 
and their Anſwers ; leaving their Work for the Learner's Pradiq 


Queſt. 1. What will the Carriage of 17 C. 3 grs. 11 Ib. co. 
to, at the Rate of 7 s. the Hundred? 1 

| 1 1 Anſwer 61. 4s. 114d, 2 

F | | uy : 

Queſt. 2. If GI. 45. 11 4 d. be paid for the Carriage of 1; (i Ya 
3 rs. 11 Ib; What was paid for the Carriage of 1 lb? 

; | SE Anſwer 3 Farthings, 

Dueft. 3. A Grocer bought 3 C. 1 gr. 14 lb Weight of Cl 
at the Rate of 2 5. 4 d. per Pound, and ſold them for 52 J. 144 8 
Whether did he gain or loſe by the Bargain, and how much! e 

e A Anſwer, he gained 8/, 129 

Duift. 4, A Draper bought of a Merchant eight Packs WWnz 
Cloth; every Pack had four Parcels in it; and each Parcel con 
tained ten Pieces; every Piece was Twenty- ſix Yards ; be oe f. 
after the Rate of four Pounds ſixteen Shillings for 6 Va 7. 
What came the eight Packs to, and what were they worm e g 
Tard? | ” 5 
Anſio. They came to 6656 J. And were worth 16s. Per at 

Duet. 5. A Merchant bought 436 Yards of Broad C Ml 7; | 
$5. 6 d. per Yard; and ſold it again for 10s. 4 d. per 1 nany 


What did he gain by the 436 Yards? + | 
5 Aſiu. he gained 39 J. 195. 44 
9 8 Ou 


OY 


Chap. 7- Of Pqopontton, &c. | 91 
unh. -b. A Goldſmith bought a Wedge of Gold, which weighed 
14 1b. 3 0. 8 pw. for $141. 45. What did he pay per Ounce ? 
Anſw. 31. per Ounce. 
furft. 7 „What will 48 oz. 77 pw. 20 Grains of Silver Plate 
come to, a the Rate of 5 s. 6 d. per Ounce ? 
Anſw. 131. 16. 10 44% 
Oueſt. 8. If in four Weeks one ſpend 13s. 4d. How . will 
53 6 5, laſt at that Rate? 
Anw. 6 Years, 47 Days, 2 Hours, 24. 
. 9. What will the one eighth Part of a Ship be "On 
when Ub half is valued at 1015 J. 105. 
Anw. 2531. 175. 6d. 
10. The Sun is hold to perform one entire Revolution, 
or 2 Degrees) in the Space of 365 Days, 5 Hours, 48 Minutes, 
1 57 Seconds of Time, called a Tropical or Solar Year ; Ho] 
0 | 5 4 
Anſw. 59. 8. 19 Sc. 
10 l. 11. If 8 of a Yard of Velvet coſt F of a Pound Sterling, 
_ will i; df: a Yard coſt of the ſame 7 Abet, at that Rate? 
Anſw. 245 = 1s. 48. 
uf. 12. Suppoſe 21. and + s Of Jof a Pound Sterling will: 
buy 3 Yards and 7 of + of a Yard of Cloth, How much will 4 of 
a Yard coſt at that Rate? 
Anſw. 4898 of a Pound = 9+. 4 z d. 


Vel. 


2 * 


Sect. 2. Of Recipzocal Proportion ; z uſually called 
The Rule of Three Inverſe. 


DEciprocal Proportion is, when of four Nambers the third (viz, 
that which moves the Queſtion) beareth the ſame Ratio to 

he firſt : As the ſecond does to the fourth. 

| Therefore, the leſs the third Term i is, in reſpect to the firſt; 

- 4 wilt the fourth Term be, in * to . ſecond, 


BXAMPLE "ol 


If Wy Men can do a Piece of Work in fix Days; How 
hany Days muft eight Men require to do the ſame Work, at the 
ane Rate of working ? 

Here it is plain that eight Men muſt needs have more Time 
tan n 16 Men to do the ſame 1 Conſequently the vow 
2 the 


_ Queſtion in Proportion, More requires Mare, or Leſs requires Li, 
the Terms are in Direct Propuriim ; as in this laßt Section. 


Theorem. 


8 Arithmetick. Part 


the third Term is, in reſpect to the firſt, the leſſer will the fourth 
Term be, 'in reſpect ta the ſecond. 

Example 2. If 8 Men can do a Piece of Work in 12 Days 
How many Days will 16 Men require to do the ſame Work 
Here it is plain the fourth Term muſt be leſs than the ſecond, 
becauſe 16 Men undoubtedly can do the ſame Work in leſs Time 
than 8 Men can, | 

From theſe Conſiderations, compared with thoſe in page 85, i 
will be eaſy to perceive, whether the Terms of any propoſed Queſtin 
are in Direct or Reciprocal Proportion, 3 

For when, according to the true Meaning and Deſign of ay 


But if More require Leſs, or Leſs require More (as above) thi 
the Terms will be in Reciprocal Proportion, 

The Manner of piacing down the propoſed Terms is the fame 
in both Rules, viz. The firſt Term in the Suppoſion muſt be of 
the ſame Kind and Denomination with the. third Term which 
moves the Queſtion; and the Ferm ſought muſt be of the ſane 
Kind and Denomination with the ſecond Term in the Suppoſition, 
As in the two lait Zxamples. 


1 Days Men Day 
- . Example I. 16 : 6 ::.8 : — 
n Example 2. | 8 : 12 : : 16 ; — 


The Queſtion being truly tated, obſerve this Theorem. 
Multiply the firſt and ſecond Terms together, au 
F vide the Product by the third Term, the Quctin 
will be the Anſwer required. 
Thus in the ſecond Example 12 x 8 = 96. 
T hen 16) 96 (= 6 Days the Anſwer required. 
That is, 16 Men may do the ſame Work in 6 Days as 8 Men 
can do in 12 Days. : | 
Now the Reaſon of this Operation (and conſequently of the 
Theorem) is grounded upon this Conſideration ; viz. If 8 Men 
require 12 Days to do the Work, it is plain that one Man would 
require 8 Times 12 Days = 96 Days to do the ſame Work; but 
if one Man can do it in 96 Days, moſt certain 16 Men can dot! 
one I6th Part of that Time. Therefore 96 divided by 10 vil 
give the Anſwer required, viz. 16) 96 (6 as before, &c. 
Queſt. 3. Suppoſe 800 Soldiers were beſieged in a Town, an 
their Victuals were computed to ſerve them two Months (or 5 
Days) How many of thoſe Soldiers muſt depart the Garriſon, that 
the ſame Victuals may ſerve the remaining Soldiers 5 Months, 


hap. 7. Of Pꝛopoꝛtion, &c. 
The Queſtion truly ſtated will ſtand 
Ts. Soldiers. Months Soldiers. 


/ — 7 


th 


5 C»‚„ „k — 
k? . | = 
id, 5) 1600 (320 : So many Soldiers may flay in the 


me | __ Garriſon. 


Conſequently, 800 — 320 = 480 Soldiers that muſt go out of 
he Garriſon, which 1s the Anſwer required, 2 5 


| Purftion 4. A borrowed of his Friend B 250 1. for ſix Months, 
romiſing to do him the like Kindneſs upon Demand: Some 
ime after B defires A to lend him 400 l. the Queſtion is, how 
ns B muſt keep the 400 J. to be fully ſatisfied for his former 
indneſs to A. 4,27 | e 


Thus, 250 J.: 6 Months : : 400 J. 


400) 1500 (3 Months. 
3 


28 Days in one Month. 
4) 84 (21 Days. Anſw. 3 Months, 21 Days. 


| Queſtion 5. If a Penny White Loaf ought to weigh eight 
Vunces Troy Weight, when Wheat is ſold for fix Shillings Six- 
ence the Buſhel, what muſt it weigh when Wheat is. ſold for 
ur Shillings the Buſhel ? 


hus 6 5, 6d. =784. : 8 z.: 45. = 48 d.: to the Anſwer. 
8 | Wet 


and 


rinnt 


48) 624 (12 oz. the Anſwer required. 
48 


" Him 3 
youll IH 
. but 0) | 


The Proof of this Inverſe Rule is eaſily deduced from it's 
Operations; viz; The Product of the firſt and ſecond Terms, 
nuſt be equal to the Product of the third and fourth Terms. 
Note, Any Queſtion that falls under this Inverſe Rule or Re- 
procal Proportion, may be ſo ſtated as to have it's Terms in 
Direct Proportion; by only changing the Places of the firſt and 
rd Terms in the Queſtion, Thus, 
| : Dueſtion 


s 
| 
| 
; 
| 
: 


”" | Artthmetick, 5 


Sea. 3. Of Compound Jpoxton : 3 commonly call 


and working the Queſtion at two Operations, either in Dir 


Rule of Three. 


twelve Months; how much will three Hundred Pounds gain u 
nine Months, at the ſame Rate? 


"Oneftipn 6, If 2 7 ield will feed eighteen Horses for few feven 
Weeks: how long will it feed F OG! Horfes at the ſan; 
Rate of feeding? | 

Firſt, 18 Horſes : 7 Weeks : 42 Harte 1 3 Weeks. 

f Here the Terms are ſtated inverſely „ as before, 

Other wiſe thus, 42 Horſes : 7 Weeks : : 18 Horſes: 3 Week 
Then 18 K Te To And 126 42 3 Weeks. The Anſwer 
required, | 


y > a 2 ; 1 4 
* * - * A 5 . * 
— 


— 0 * — 


— 


j 


The Double Rule as Three. 


pes Proportion (as it is here jou ARE is, when there are 
five Numbers given to find out a ſixth Proportional; and thi 
Is Ri performed by a Double Pofition ; that is, by ſtating 


or Reciprocal Proportion, according as the Queſtion requires, 


And therefore it is called, The Double Gulden Rule, ar Double 


The Double Rule Direct i is, When the f «th Term or Number 
ſought, is found by two Operations, boch of them in Dirt 


Proportion. 
Example 1. If a Hundred Pounds gain fix Pounds Intereſt i 


Firſt 1001. : 67: 300 J 181. 


100) 1800 (181. 
Months. Manths, „ 
Then, 12 : 181. :: 9 : 131. 105. 
3 8 
12) 762 730 105. The Anſwer requie 


for twelve Months. 


-Þ ſuppoſe the Learner will eaſily conceive the Reaſon of thel 
two Operations. For, firſt it is plain by Direct Proportion, that 


. if rool, gain 61. in twelve Months, 300 J. will gain 295 in 


che lame Time, and at the fame Rate. 


And 


The Intereſt of 300 l. 


hap. 7- Of Ppoportion, &c. 95 


And by the ſame Rule it is plain, that if 12 Months will pro- 
duce or give 18 J. Intereſt for 300 J. then 9 Months muſt needs 
Rue 13 2 for the ſame Sum, viz. 300 l. 


The Double Rule of Three Inverſe is, 1 the ſixth Term 
Jor Number ſought is found at two Operations (as before), But 
lone of them FOO an Anſwer in Reciprocal Proportion, 


— 
- 


l 


| Prefoion 2. If 6 Buſhels of Oats will ſerve 4 Horſes 8 Days, 
How many Days will 21 Buſhels ſerve 16 Horſes, at the ſame 
Rate of feeding ? 

| This Quęſtion being parted into two Poſitions, the firſt will 
be thus: 

| Tf 6 Buſhels of Oats will ſerve 4 Horſes 8 Days, How © many 
Days will 21 Buſhels ſerve them? 9 
Here it is plain, that 21 Buſhels will ſerve them longer than 6 
Buſhels; therefore the firſt Polition falls in Direct N 


Buſh. Days. Buſh. Days. 
Thus, D : 8-3726-5 28 
8 
6) 168 028 Day 5 


That is, 1 "7 6 Bufhels will mo 4 Worſe 8 Days 21 Buſhels 
will ſerve them 2.8 Days. 


The next Poſition muſt be to find how long the faid 21 Buſhels 
will ſerve 16 Horſes at the ſame Rate of feeding: it is plain, 
that 21 Buſhels cannot ſerve 16 Horſes ſo many Days as they will 
ſerve 4 Horſes ; therefore this ſecond Nite falls in Reciprocal 
Proportion. 

Horſes. Days. Horſes, Days. 
| Thug „ : 16 7 the Antwer required. 
91 | 


After the like manner any Queſtion in the Double Rule of Three 
may be anſwered by two ſingle Poſitions, if Care be taken in 
ſtating them right, viz. Whether their Operation muſt be per- 
formed by the ſingle Rule Direct, or Inverſe. 

But all Queſtions in this Double Rule, where five Numbers are 
ed. WY propoſed to find a ſixth, may more eaſily and readily be anſwered 
by one general Theorem; which compriſeth both the Direct and 
Inverſe Rules; without conſidering either of them being deduced 
that Bi from the ſingle Operations before-going. 
mn But firſt you muſt carefully note, that in all Queſtions of this 

Nature, three of the five propoſed Terms are always e 
\nd | an 


[ 


96  Arithmetick. Par] 
and ſuppoſed ; ; 20 that the other two move the Deen. hy 
for Inftance in Example 1. 

Vix. If 1001. will gain 61. in 12 Mont theſe three Term 
are only ſuppoſed or conditional. Then comes the Queſtion; 
What will 300 J. gain in 9 Months? Now, in Order to raiſe the 
general 'Theorm, let us W inſtead of Numbers, theſ 
Letters. 


42 971 The Nn In the Suppoſition | Rule 
Vis. Let 17 = The Time. of any Propoſed 
& = 5 The Gain. Queſtion. 


þ == 300. The Principal. The three Term; 
And, yt= 9. The Time. wherein the Qu. 
g=1 & 5 The Gain. ſtion lies. 


„ „ 7. The Product of the two Means divide 
TheP:G::p: Pp =} by the firſt Extream, 


Thet 


1 Which is the 
That is, 100: 6: : 300: 2 — _ Ne Part of the 
180 CT Queſtion. 


Me OOF 3 Wich is th 
1 * * ; 8 EG 1 Part af 
9 135 


n RY the Queſtion, Ir 
is Gpt That is, the Product of the Extreams i t W. 
Ergo Tg = * F equal to that of the Means. 


Conſequently, Tg P pt is the Theorem. 


This Theorem affords two Rules, by which all Queſtions in 

this Double Rule of Three, or rather of five Numbers, may tt 
reſolved ; due Regard being had to the true placing down of tle 
propoſed Terms, which muſt be thus : 

Always place the three conditional Terms in this Order; lt 
that Number which is the principal Cauſe of Gain, Loſs, ot 
Action, Sc. (viz. P.) be put in the firſt Place; that Number 
which denotes the Space of Time, or Diſtance of Place, &. 
(viz. T.) be put in the ſeeond Place, And that Number which 
is the Gain, Loſs, or Action, &c. (viz. G.) be put in the thin 
Place. Now according to theſe Directions, the conditional Terms 
of the laſt Queſtion will ſtand thus; P. T. G. | 

That done, place the other two Terms which move the Que- 
ſtion, underneath thoſe of the ſame Name, 


Thus, ary 3 G, 


Then 


e * r FR 1 Er * — 


hap. 7. Of Pꝛapoꝛtion, &c. 97 
Then if the Blank or Term ſought, fall under the third Place, 
in this Queſtion, 


It will be} 5 g. Which gives this Rule. 


C Multiply the three laſt Terms tegether for a Dividend, 
Rule 1. and the two firft together for a Diviſor ; the Quotient 
C ariſing from them will be the ſixth Term, 


That is, in our propoſed Example 1. 


Thus 6 x 300 x 9 = 16200 the Dividend. 
And 100 x 12 = 1200 the Diviſor. 
Then 11200) 16200 (13 z the Anſwer, as before. 


But if the Blank or Term ſought fall under the firſt Place, 


en | | 
13 e 
It will be 70 b. 


Or if the Blank fall under the ſecond Place, 


It will be 0 = =. Either of theſe gives this Rule. 7 


Dividend, and the other two together for a Diviſor ; the 


By Multiply the firſt, fone and laſt Terms together for a 
ue 2. 
Quotient ariſing from them will be the ſixth Term. 


And becauſe our Example 2. falls under the Conſideration both 
Direct and Reciprocal Proportion, let it be here propoſed again. 
/iz, If 6 Buſhels of Oats will ſerve 4 Horſes 8 Days; how 
any Days will 21 Buſhels ſerve 16 Horſes, &c. 

lf the Terms of- this Queſtion be placed down as before direct- 
they will Rand | | 1 1 


| Horſes, Days. Buſbels. „ 
in Thus) 4 . 8 . 6 Terms in the Suppoſition. 
08 „ 8 1 


Here the Blank falls under the ſecond Place, therefore it muſt 


de. found by the ſecond Rule. | 
Thus 4 x $ x 21 = 672 the Dividend. 
166 96 the Diviſor. 
Then 96) 672 (7 the Anſwer, as before. 
hen O Queſt, 


= Arithmetick. Pert! 
3. What Principal or Stock will gain 207 in 8 Monti 
at 6 2 Cent. per Annum ? 
| Prin, Time. Gain. 
100 1 a 3 Terms in the Suppoſition. 
In this Queſtion the Rank falls under the firſt Place, therefor 
it muſt be found by the ſecond Rule, 


Thus 100 x 12 x 20 == 24000 the Dividend. 
And 8 x 6= 48 the Diviſor. 1 
Then 48) 24000 ( 500k. the Aufwer require 


The Proof of all Queſtions i in this Double Rule of five Num- 
hers, is beſt performed by varying the Queſtion ; viz. by ſtating 
it in another Order, as in the laſt Example: Thus, 

If 1007. gain 6. in 12 Months, what will 500 J. gain inf 
Months ? | 

The Anſwer to this Queſtion muſt be 204. if the Work of the 
laſt Example be true. | 


Prin, Time. Garn. 


Stated us} 500 a 15 f edges, perRule ; 


500 X 8 X 6 2 kg And IOO x 12 = 1200. 
Then 1200) 24000 (204. the Anſwer, &. 


Deſt. 4. If two Men can do 12 Rods of Ditching in 6 Days, 
How many Rods may be done by 8 Men i in 24 Days, at the lane 
Rate of working? 


Anſw. 192 Rods, | 


Quell. 5. If the Carriage of 5 C. 3 grs. Weight, 150 Mils, 
coſt 31. 7 5. 4d. What muſt be paid for the Carriage of 7 C. 2 f. 
25 1b WWaght, 64 Miles, at the ſame Rate? 

Anſw. 1]. 18s, 744. 


' Oueſt, 6. If 8 Mendeferve 21, Wages for 5 Days Work, Hor 
much will 32 Men deſerve for 24 Days, at the ſame Rate? 
Anſw. 381. 85, 


 Dueft. 7. Suppoſe a Handed Pounds would defray the Ex 
pences of fve Men for Twenty-two Weeks and ſix Days, How 
Jong would twelve Men be in ſpending of one Hundred and F ifty 


Pounds, at the fame Rate? 
Anſw. 14 Weeks and 2 Days 


CHAP. 
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CHAP. VIII. 


Of Trading in Company, uſually called the Rule of Fellow- 
| (hip; 4/9 Bartertng, and Exchanging / Coins, &c. 


HE Rule of Fellowſhip is that by which the Accompts of ſeveral 

Partners Trading in a Company, are ſo adjuſted or made up, 
that every Partner may have his juſt Part of the Gain, or ſuſtain 
Inis jaſt Part of the Loſs ; according to the Proportion or Share of 
Money he hath in the Joint-Stock : Now this falls under two 
Conſiderations, called the Single and Double Rules of Fellowfhip. 


5:8, 1. 7e Single Rule of Fellowſhip 3. viz. Thar 


without Time. 


V the Single Rule of Fellnyſhip is adjuſted the Accompts of 
thoſe Partners that put all their ſeveral and perhaps different 
Sums of Money, into a common Stock at one and the ſame Time; 
and therefore it is uſually called the Rule of Fellowſhip without 
Time: Now all Queſtions of this Nature are anſwered by ſo 
many ſeveral Operations in the Rule of Three Direct, as there are 
[Partners in the Stock. 5 | Fes 
Fer, as the Total Sum of Money in the Stock is in Proportion to 
he whole Gain, or Loſs: ſo is every Man's particular Part of that 
Stock ; to his particular Share of that Gain, or Loſs. 
Queſt. 1. Three Partners, ſuppoſe 4, B, and C, make a Joint- 
Stock of 96 J. in this manner. = ED . 
A, puts in 24. B, puts in 221. and C, puts in 40 J. with 
this 96 J. they trade and gain 12 J. It is required to find each 
Man's true Part of that Gain. | : „ 
The Operation will ſtand, thus 
E 
Wiz F J.: 41. = B's Part of the Gain. 
404,:Sh=C's | 
Proof 31. + 41. + 51= 121, the whole Gain. ER 
That is, if the Sum of each Man's particular Gain, amount to 
the whole Gain, the Work is true; if not, ſome Error is committed 
which muſt be found out. — . | 
Note, Theſe Operations will be very much abbreviated, if you 
work them by Theorem 2. page 87. For here 96 is a common 
antecedent, and 12 is the common Conſequent in all the three 


pr oportions. | | | 
| O32 There · 


or 


Ing 


100 | Arithmetick. | Part . 


eſpecially when the Partners are many; 5 becauſe one Single Divigg 


Thus A > 654. 10= 654,50 
: 5 580 15 = 54375 
D e 254. 10 254,50 
E\ 1365 . 05 = 365,25 
Fl - 260 . 00 = 260,00 


Therefore 96: 12 :: 1: 0,125 is a common Multiplicator, 


Then 24 25: A,) 
55 5 x 0,125 2 4 J. for 3 E, as before. 


Now this Method is more readily performed than the other, 


ſerves for all the Work. 


Queſt. 2. Three Merchants, 4, B, and C, freight a Ship wit 
248 Tun of Wine: Thus, A, loaded 98 Tun, B, 86 Tun, au 
C, 64 Tun. By Extremity of Weather the Seamen were force 
to caft or throw 93 Tun of it over-board. How much of thi 


Loſs muſt each Merchant ſuſtain ? 
Firſt 20 93 : 1; 0,37 5 the common aid nh 
Then 98 | 36,75 for A's 
86 fo, 375 =1 32425 for B's C Loſs. 
649 C 24,00 for C's - 


Proof 93,00 = the whole Loſs. 


Now if the Queſtion were to find how much of the remaining 
Wine that was ſaved, belongs to A, to B, and to C. 


Then 98 — 36,75 = 61,25 A. 
86 — 32,25 = 5375 "POE od B. 

64 — 24300 = 40,00 4 C. 

That i is, A, ought to have 61 Tun and 63 Galfons. B, ought 
to have 53 Tun and 189 Gallons, And C, 7 to have 40 Tut 
of what was left, 


Queſt. 3. Suppoſe fix Men, VIZ. > B, C, D, E, and F, male 
a ſoint-Sigck of 2558 J. 


1. 5. Decmats. 


The whole Stock 25 4. O0 2558, oo 88 to the 90 


Chap. 3. Rule of Fellowſhip. e 


With this Stock of 2558 J. they Trade eighteen Months, and 
I Gain 831 J. 75. Tt is required to find every Man's Part or Share 


of that Gain. | ; | 
| Note, Although the Time of Trading, viz. eighteen Months, be 


it ; as you may obſerve in the following Work. 


no fiſt, 2558 J.: 831,350. :: 11. : 0,325 Decimal Parts. 
| Conſequently, 1/7. : 0,325 :: 654,5 : 212,7125, That is, 
654,50 72212, 71250 8 
ih 54375 5 17678878 2 
o, 00 I56,00000 T 
: 2800 895 1977230 for D. 
hi "205,25 F--- i . 
260, oo 84,50000 CF. 
h | J. parts. ) ↄ · 
That is, 4 j 212. 14.03 7 


176,71875 = 176 , 14 . 044 


C{\..-__ 156, oooο = 156 , 00 , 00 
D en 82,71250= 82. 14. 03 
EV 1118, 0625 2 118. 14 . ons 
FI C 84,50000= 84. 10.00 


ing Proof, Sum 831,35 ==831 . 07 . 00 


| have omitted reſolving this Queſtion according to the uſual 


ff the Gain by the Golden Rule, as in the firſt Work of Example 1. 
jkaving that for the Learner's Practice. EY 


— 22 


8.2, The Double Rule of Fellowſhip ; or that with 


Time. 


every particular Man's Money is to be conſidered with Relation 
o the Time of it's Continuance in the Joint-Stock. 


Itock of 200 J. they are to trade 3 Months more. Now at the 


quired to know what each Man's Part of the Gain ought to be, 
cording to his Stock, and the Time of employing it. 
I | 


uft 
Vith Here 


mentioned in the Queſtion, yet it is no Way concerned in anſwering of 


Method (as before directed) of finding every Man's particular Part 


HIS is uſually called the Double Rule of Fellowſhip, becauſe | 


Dueflion 1. A, and B, ſoin in Partnerſhip upon theſe Terms, 
2. A, agrees to lay down 100 l. and to employ it in Trade 3 
Months: Then B, is to lay down his 100 J. and with the whole 


nd of that Time, they find their whole Gain to be 21 J. It is 


N 


A 


then it muſt gain 2 Z in 6 Months; and to find what B, mut 


for reſolving all 8 this Nature, be the Partners never 


_ "Artthmerick, | 


ere it is but ceaforndle to conclude, that A. ought to pai 
more than B, notwithſtanding their Stocks of Money are ob 2, 
becauſe A employed his Money a longer Time than B. 3 
Now for ſolving of this Queſtion, let us ſuppoſe ts 100 
employed the firſt 3 Months to gain Z = a Sum as yet unknown; 


"Rat at] 


gain, it wt be, 


J. Months. | 0 
100 G 2221 Gan, . 
100 3 dg ” Rule r. Page 97. 


Ergo e = B's Gain. 


But Hs Gain added to B's Gain muſt = = 21 J. the whole Gai 
by the Queſtion, 
100 x Z x2 2 


Thereſore 224 — N 


That is, 100x bx2Zþ100x3Zx2£=21 x 100 x6. 
| Which contracted is, 900 x 2 Z=21 x 600. 


Conſequently, 2 Z = 2.x 209 
Analogy. 


Viz. goo : 21 :: 600:2Z =141, for A's Gain, 
And goo : 2}: 100 $55 300 5 74 for B's Gain. 


2 211. 


» which gives the following 


Now this way of arguing hath not only reſolved the preſet 
ueſtion, but it alſo affords (and demonſtrates) a general Rule 


fo many. 


C Aultiph every particular Mon s Stock, with the Tine i TI 
is employed, then it will be, as the Sum of all the Wi ng f 
Rule. Products; is to the whole Gain (or Loſs). So is eva will 

. one of thoſe Products: to it's proportional Part f that 
Whole Gain (or Ls). - 
Que Mien 2. Three Merchants 4, B, and C, enter into Partner: B 
ſhip, thus; 4 puts into the Stock 651 for 8 Months; B puts in C 
781. for 12 Months ; and C puts in 841. for 6 Months. With D 
theſe they traffick, and gain 1661. 125. It is required to bY E. 
each Man's Share of the Gain, operon to the Stock and F 


Time of employing it. 


1. 4 


hap. 8, Rule of Fellowſhip. 


2 1. 4's 65 J. Xx 8 55 20 
a TOE * ee 
18 Kd 63 r _C50g 
1 Tube Sum of thoſe products is, „ I960 


Then, according to the Rule, the ſeveral ä will 


ſtand us, : 
( 520 : 44,20 2 44. 45. od. A. 
1960 : 166,6:: $936 : 79.56=79/. 115. 24d. Cory B. 


C504: 42, 84 = 421. 164 93d. Go 
The whole Gain = 1667. 125, © J. 


Or you may work as in fome of the former Examples, vis, by 
nding the proportional Part of the Gain due to one Pound, c. 


Thus 1960: 166,6: : x : , o85 the common Multiplier. 

Then 520 44,2 4. „„ 

5 x 0,085 = 59:96 fe 8. fo As before. 
504 42,84. C. 


Queſtion 3. Six Merchants, wiz. A, B, C, D, E, and E, enter 
to Partnerſhip, and compoſe a Joint Stock in this manner; 


474 | 64. 10 | G 

B r 

Viz. - puts in 8 w for BY Months. 
* | 74:22] | % 
CF E125 . 15 727 


They traffick, and gain 258 L. 18s. 44d. It is required to 
ind every Man's Share of the Gain, 933838 to the Stock and 
Time it was employed. 
The ſeveral Stocks of Money, and their reſpective Times be- 
ing firſt brought into Decimals, and then multiplied Le. nah 
vill produce theſe following Products. 


7 


1. Months, 
A's 4 64.50 x 4,50 J 290, 25 
B's] | 78,75x 6, 0 472,50 
C's Stock I 12900 x 8,25 | the Time it was em-] 825,00 
D's "EY 80,50 x 12, 00 f ple x Þ\ 966,00 
E's 74, x9, 50 708,0 
Fes 125,15 x 7,00 | 880, 25 


The Sum of thoſe Products 4142,70 
| Then 


104 Arithmetik. boar 


— 


Then 1 you ack by the common Way; it will d. be 
4142,7 : 258,91875 :: 290, 25: 18 „140025 18 2 5. 944 
for 4s part of the Gain ; - and ſo on for the reſt. 

But if you work by the eaſieſt Way, viz. by finding the pry. 


- portional Part of the Gain due to one Pound, 


Thus 4142,7 : 258,91875 :: 1: 0,0625. 
Then %% 


200, 25 18, 140625 8. 02. 094 4 
472450 1 : 29,531250=29 10. 074 ; 
25,00 | -- $7, 502500==n5Xk .. I , OJ 
966,00 ( © 0,0625 = 60,375000=00 . 07 . 06 wy 
708.0 44.293750 244. 05 . I0z E 
880,25 - 5$5,015025==55 .00,03;9F C 


The whole Gain = 258. 18. 042 


Theſe few Examples being. well underſtood, are ſufficientts 
ſhew the whole Buſineſs F | ts Sc. 


* 


Sea g. Of Barterin g. 


WHEN Merchanes, or Tradeſmen, exchange one Commodity 
for another, it is called Bartering ; and the only Difficulty in 
this way of dealing, lies in duly, proportioning the Commodities to 
be exchanged fo, as that neither Party may ſuſtain Loſs. 
Queſtion 1, Two Merchants, A, and B, Barter; A woul 


925 exchange 5 C. 3 gr. I4 pound of Pepper, which i is worth 31. 10, 


per C. with B tor Cotton, worth 10 d. per pound weight; how 
much Cotton muſt B give to A for his Pepper? 

Note, In order to the reſolving of this Queſtion (and all olle 
Dueftions of this Nature) you muſt firſt find, by the Rule of Thru 


(or otherwiſe) the true Value of that Commodity whoſe Quantity 1s 


given (which in this Que/tion is Pepper). And then find how mucb 
af the other Commodity will amount to that Sum, at the Rate pro- 


ped. 


Firſt 5 C. 3qrs. 141b. — 5,875 

e 08. = 4500: 

Then 1; 3,6: 57875 20, 5625 2 20. IIs. 34 the true 
Value of the Pepper. 

Next, It is eaſy to conceive, that 4 ought to have as much 
Cotton at 10 d. per Pound, as will amount to 20 J. 11 s. 34. 
which may be thus found ; | 

20.8. 1, 5:20, (1075; 36 = 4235 d. 403.5 b. 


in Decimals, 


That 


hap, J Rule of Fellowſhip, &c. 105 


hat is, 4 C. 1 gr. 17 1 pound of Cotton. And ſo much B muſt 
ge to 4 in exchange for his 5 C. 3grs. 14 pound of Pepper. 
9ueftion 2. Tw o Merchants A and B barter thus; 4 hath 
6 Yards of Broad Cloth worth 9 s. * Tard ready Money: 
t in Barter he will have 11s. per Yard. B hath Shalloon 
orth 2 J. 1 d. per Yard ready Money; it is required to find how 
any Yards of the Shalloon B muſt give to A for his Cloth, to 
ke his Gain in the Barter equal to that of A's. : 
The Method of reſolving this, and the like Queſtions, differs 
little from the laſt Caſe; for in this you muſt firſt find what 
lvance B ought to make per Yard upon his Shalloon, in propor- 
on to what A hath done upon a Yard of his Cloth _ 
Th 0 Iz 6G nk ©. #8. 

17 9. 22 IIO: II = 132 :: 3 30 
e advanced Price for a Yard of B's Shalloon. Then proceed 
before in the laſt Example, 
Thus 1 Yard : 11s. : : 86 Yards : 946s. = 47 l. 65. the ad- 
anced Value of all the Cloth, „ 
Next, If 2 5. 6 d. will buy one Yard of Shalloon, at it's ad- 
anced Price, how many Yards will 47 J. 65. buy. 
Th 2, 5 3-1 4 ⅛¾ ; 
That is, B muſt give 378 5 Yards of his Shalloon to 4, for 
is 86 Yards of Broad Cloth. _ | 
Theſe two Examples are ſufficient to ſhew the Learner, that the 
ethod of bartering, or exchanging Commodities for Commodi- 
6, wholly depends upon a clear Underſtanding of the Golden 
ue; which indeed is ſo called, becauſe of it's Univerſal Uſe. 


O 


. 1 dt... ith. 2 — 4 * 


er Se. 4. Of Exchanging Coins. : 
i Xchanging the Coins of one Country for thoſe of another, is like 
the Buſineſs of bartering Commodities. That is, it conſiſts in 
nding what Sum of one Country Coin will be equal in Value 
any propoſed Sum of another Country Coin. And, in order to 
form that, it will be very neceſſary to have a true Account at 
times of the juſt Value of thoſe Foreign Coins which are to be 
changed, as they are compared in Value with aur Engl/h Com. 
| fay, at all times, becauſe the Par of Exchange (as the 
erehants call it) differs almoſt every Day from London to other 
vuntries, That is, it riſes and falls, according as Money is 
enty or ſcarce 3 or according to the Time allowed for Payment 
the Money in Exchange, 25 | | 91 Ts 
| Rs _ Thoſe 
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have omitted tranſcribing, and only collected theſe few of Coin 


i 
French Coin. hy A Denier oOo. 0. 0 
| 12 Demers = 1 Souls O. 0. o 
12 Souls = 1 Livre O. 1.6 
TED, 3 Livres = 1 Crown . 4. 6 
 Low-Country Goin. 7. 2 nv 210-0 51% 
5 Stiwvers = 1 Flemiſh Shilling o. 0 73 
20 Stivers = 1 Gilder =O . 2. © 
I: s O's 0 
Embden Dollar SO. 2. 35 
Campen Dollar So. 2 . 55 
Zealand Dollar [O. 3. 0 
Lyons Dollar OO. 4. 0 
Specie Dollar O. 5. 0 
F =O", 6'. 3+ 
yo $A Riædollar of the Empire O. 4.55 
Germany. 1 A Gude Nee = 0 . 7 ; 
r The Livre at Leghorn o 0. 0 
Florence Crawn Current O. 5. 3 
Venice Ducat de Banco = 0. 4 4 
. The Current Ducat O. 3. 4 
In Italy; The Naples Ducat Oo. 50 
and Luhe Cadiz Ducat = „ 
Spain. The Barcelona Ducat O. 6. © 
| | The Valencia Ducat O. 5 . 3 
1 The Bergoma Ducat =|o . 4. 4 
52 | The Portugal Taſtcon O. I. 3 
TL Te Piece of Eight 2 O. 4. 6 


Do 


7. os — — 2 
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106 Arithmetick. 

Thoſe that defire to be fully ſatisfied in the common Values q 
Foreign Coins, Weights, Meaſures, &c. may find them in ay, 
called the Merchants Map of Commerce, which for Brevity ſake] 


— 
Pan 


1 nn * "I RS". 


Toreign Coins. 


«4 


10 Gilders = 33 5 Shillings { 50 
or a Flemiſh Pound 3 © 


Vote, The Englißb generally reckon their Exchange with othet 
Countries by Pence, viz. other Countries value their Crown: 

fler, or Ducats, &c. by Exgliſb Pence, Except with fomt 
Parts of the Loꝛu-Countries, with whom the Exchange is in Pound 
Sterling. : Fe 
| Queſt. 1. How many Dollars at 4 5. 6d. per Dollar, may 0! 


have for 162, 18s, Auer 724 Dal; 


rap: . Rule of Fellowſhip, &. ich 


T hus 1621. 18s. = 3258 5, and 4.s. 6d. = =544. 
Then 54: 1: ; 3258 : 724 the Anſwer, 


Oueft. 2. 157 many Sarago/ſa Ducats, of 5 5. 6 d. the Ducat, 
ay be had f for 275 Bergania Ducats, at 45. 4 d. the Piece? 
Anſwer 216 and 35. 8 d. over. 


| Thus 5 5. 6d. 66 d. and 45. 4 d. 52 d. 
—W Then 275 x 52 = 14300 4. = 275 Ducats. 
Conſequently 66) 14300 (216 3 the Anſwer required: 


Qa. 3 A Traveller would change 2331. 16s, 84 Stetling 
loney; 2 Venice Ducats at 45. g + d. per Ducat; How many 
hucats muſt he have? Anſwer 976 Ducats. 


Thus 45. 9 4 d. =57,5 d. and 2331. 16s. 84, = = 561204. 
Then 5745 d.) 56120 d. (976 the Anſwer required. 


% 4. A Caſhier hath received 759 Ducats, at 7 s. 6 4. 
ucat ; And 579 Dollars at 45. 8 d. per Dollar: Which he 
ould exchange 101 Flemiſh Marks. at 145. 3d. per Piece; How 
any ought he to have? | 
Anſwer 589 Marks, and 15 d. over. 
For 75. 6d. 90 d. and 4 3. 8 d. = 56 l. 
Then 1739 * 90 = 68310 d. the Value of the Data 
C579 x 56= 32424 d. the Value of the Dollars, 


their Sum = 1007 34 d. 
And 14.5. 3d, = 1714, the Flemiſh Mark in. Pence. 
Conſequently 171) 100734 (589 Cc. the Anſwer required. 


Lueſt. 5. A Bill of Exchange was accepted at London for the 
ayment of 400 J. Sterling, for the like Value delivered in 
in/lerdam, at 1 J. 13s. 6d. for 11. Sterling; 3 How much Money 
as delivered at Amſterdam ? | 

Anſwer 670 U. Flemiſh, 
For 1]. = 240 d. and 1. 135. 6d. = 402d. 
Then 240 : 402 :: 400: 670 the Anſwer required. 


„ 9p. 6, When the Exchange from Antwerp to Londen is at 
on 4. 7 d. Flemiſh, for 11. Sterling; How many Pounds 
ſerling muſt be paid at London ; to ballance 236 L. F. lemiſh 2 


und nber 9. 


Anſwer 192 J. Sterling. 
Thus x 1. a ood and 1]. =240d. _ 
Then 295 : 240 : : 236 ; 192 the Anſwer. _ 
P 2 
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Arth metick⸗ 7 "a 


Nl A Merchant delivered at Londen 1201 Sten C 
receive 1471 Flemiſh in Amſterdam; How much Was 1 l. Sterling the 
valued at, in Flemiſh Money ? ] 

Anfwer 1 . 45 64 1 

Thus 120 : 147 :: 240 d.: 294 d. 2 II. 4s. 6 d. &c, A 

Dueft 8. A Factor hath fold Goods at Cadiz for 1468 Pen C 
of Eight, valued at 45. 6 4 d. Sterling per Piece; How mud Nuc 
Sterling er do thoſe Pieces of Eight amount to? 30 

Anſwer 333. 7. 24, 1 

Thus, if 1 = 54,5 4. then 1468 x 54,5 = $3006 d. Se. Cros 

Quell. 9 A Traveller would have an equal Number of Crown 
at 5 5. 5 per Crown; and Dollars at 45. 5 d. per Piece; Huy 0 
many of each fort may he have for 8 8 5. Dirt 

Anſwer ay of (exc wy 

Thus 309 “ 8, 6 9 
And 5 3. bd. +45. 54.:= 119 4. +6 
Then 719) 74256 (024 the Anſwer required, have 

Dueft. 10. Suppoſe I would exchange 527 J. 17. 6d, fi 4 
Dollars at 4s. 6d. a Piece, Ducats at 5s. 8 4. a Piece, and : 
Crowns at 6s. 1 d. a Piece; and would have 2 Dollars for I 
x Ducat, and 3 Dollars for 2 Crowns. How many of each ſat 
muſt I have? 2 

Anſwer 927 Dollars, 463 1 Ducats, and 618 Crown, 
; 544. = 1 Dollar. 4 N 

Fo 956 = 1 Ducat, | per Queſtion. vanc 

73d. =1 Crown.) 1 Cr 

And 126690 f = 527. 175. 64. 8 * 

* 5. 


| Now if the Crowns, Dollars, and Ducats, were to be equal in! 
Number; then 73+ 54 4- 68 muſt have been the Diviſor, by N 
which 126690 mutt have been divided, and the Quotient would Beca 
have been the Anſwer to the Queſtion. As in the laſt Zvanph. cue 
But here inſtead of their Sum, ſuch Parts of them muſt bea 


taken as are aſſigned or limited by the Queſtion ; that ſo tte 5: 
Number of ſome one of them may be found, the ] 
= | $ 2 Dollars for 1 Ducat, and 8 
And becauſe chere muſt be | 2 Dollars for 2 Crow "i * 

Oll 


Therefor it will bs , of a Ducat for one Dollar, and } of “h. 
Crown for one Dollar. | 


Conſequent!), 


* 


Chap. 8. Vule of Fellowſhip, &c. 109 
Conſequently, 54+: +5 of * 2 136 5, or £42 will be 

the Diviſor to find the Number of Dollars | 
Thus 359 126690 (927 the Number of Dollars. 


Then x of 927 = 463 z is the Number of Ducats. 
And 5 of 927 = 618 is the Number of Crowns, 


Or if you pleaſe you may form Diviſors to find either the 
Ducats or Crowns firſt : For if it be 2 W for 1 Ducat, and 
Dollars for 2 Crowns, as before; 
Then will 6 Dollars be for 3 Ducats, and : Dollars for 4 


| Crowns. 
Therefore, 2 * Dollar vin be for x Erb 


Conſequently, 40f 54: ＋ T of 68: + 73 = 205 will be the 
Diviſor to find the Crowns firſt, © 


Quęſt. IT. A Caſhier is to receive 500 J. He is offered Crowns 
at bs. 1 3 d. per Crown, which are worth but 6s. Or he may 
have Dollars at 4 5. 5 4. the Piece, which are worth but 4 s. 4 4. 


Which of theſe ſhall he received to have the leaſt Loſs? And how 
much will he loſe in the Payment? 


: 8 hi F according to the true V hues, . 


the advanced Values. 


0 1 Crown = 73, 5 4. 
1 Dollar 53, 0 d. 


Now to find which will be the leaſt Loſs; find what the ad- 
vanced Value of a Dollar ought to be in Feporten to that of 
Crown. 

Thus 72: 73,5 :: 52: 53,083 &e. But he may have Dollars 
at 53 4. per Piece, therefore the Payment in Dollars wil be the 

al in leaſt Loſs; viz. 5 3 is leſs than 53,083 Tc. | 

„Next, to find what the whole Loſs will be by receiving Dollars. 
ould! Becauſe the 500 J. = 120000 d. is advanced as much above the 
pl, ue Value, as 534. is above 524. : therefore ſay, If 534. 
{t be o6Vance 1 d. = 534. — 52 d.; what will 1200004. advance? i. e. 


de 53 4. : 1d. :: 120000 d.: 2264 % 4. — 85. 44 
the Loſs. | | 


Nugſt. 12. Suppoſe I 8 41. 10s, 10 d. for 11 Count 
nd 7 Dollars; and at another Time I have 4 Crowns and 3 
Dollars for 1 J. 15 s. each being of the ſame Value with we act, 
of hat is the Value of a Crown, und of a Dollar? | 
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Firſt 11 Crowns + 7 Dollars = 1090 d. NI 3 
Second 2 Crowns ＋ 3 Dollars = 420 d. y the Queſtion, 


Then in order to find the Value of 1 Crown, you muſt caſt of 
the Dollars by making them of the ſame Number; Thus, 
33 Crowns + 21 Dollars = 3270. the firſt multipl. with 3 
28 Crowns + 21 Dollars 2940 4, the ſecond multipl. with) 
Iben 5 Crowns = 330 d. being the Difference. 
Conſequently 5) 330 (66 5 5. 6 d. is the Value of 1 Crown. 


And 4 Crowns = 264 4. 


Then will 3 Dollars = 420 4. — 264 d. = 156 d. 


Conſequently 3) 156 (52 d. =45. 44. the Value of 1 Dollar 


* — — el 
q 9 


CHAP. RN 
/ Alligation. 


HEN it is required to mix ſeveral Sorts of Ingredient 
together; as different forts of Corn, Wines, Wool, Spices, 
or Metals; or to compoſe Medicines, c. the Method of pro- 


Z portioning ſuch Mixtures, is called the Rule of Alligation ; and i; 
divided into two Parts or Branches; called Medial and Alterna, 


'Se& x, Of Alligation Medial 


Lligation Medial, is that by which the Mean Rate or Price 
of any Mixture is found, when the particular Quantities of 
the Mixtures and Rates are given; and is thus performed. 


. y 


Firſt find the Sum of all the Quantities propoſed to be mixed! 


And alſo the Sum of all their particular Rates. | 
| | „ Then the Proportion will be, 


A; the Sum of all the Saen 1s to the Sum of all thar 


. Rule Rates:: So is any Part of the Mixture: To the Men 


' Rate or Price of that Part, 
Duft * Suppoſe I5 Buſhels of Wheat at 5 4. the Buſhel, 
and 12 Buſhels of Rye at 35. 64. the Buſhel, were mixed nw! 
* 4 | |; | a 


TT 


J. 


nts 
5 
10» 
| 13 
lp 


ice 
; of 


2d! 


har 


an 


bel, 
ger; 
hat 


* tt atatihe..- tals, 


Thus E. Buſhels of Rye at 35. 


Chap. . "Rule of Fellownip, Nc. Wes 
What is the Mean Rate or Price, it wy be ſold for a Buſhel, 
without Loſs or Gain? 7 


This Queſtion prepared as ditected above will ſtand 


15 Buſhels of Wheat at 5 5, #5 Buſhel, comes to goo d. 
d. each, comes to 0 504 d. 


3 — their ud. And their total Value = 21404 4. 
Then 27 Buſhels: 1404 d. . * e 454 +6 the 
AGE required. | 


IRS — — nixath 36 Pounds of Tobacco, worth 1 5. 
bd. 1 with 12 Pounds ot another ſort at 25. a Pound, and 
12 Pounds of a third ſort at 1 5. 10 d. the Pound. How Aye. he 


ſell the Mixtuze per Pound? 
b. "4s x 
6 WA; , C6 48 
Firſt J 12. at 2 per Pound amounts to 3288 
1 at 1 _ | L264 


""Gomrths Number of Pebnda Their Values 1200 4p 
Then 60 Ib: 5 1200 d. 1 lb: 20 d. = 15. 8 d. the Anſwer 
3 


2 A Vintner mixeth 31 Gallons ax a half of Malaga 


my "worth 75. 6d. the Gallon; with 18 Gallons of Canary at 


6s. 9 d. the Gallon ; 15 Gallons and a half of Sherry at 5s. the 


[Gation; and 27 Gallons of White Wine at 45. 34. the Gallon. 
Lit is required to find what one Gallon of this Mixture i is worth. 


Gal. 3. d. . Pence. 

311.1 7 . © 2835 
FA) 135 r 5, of $7 Gallon comes te J fle 

27 1 3 e 


90 = the Number of Gal. Their Value = 6480 
Then 90: 6480 :: 72d. 6s. the Rate or Price of one 
allon, as Was ire : : | 


The Proof of all Ope ativan in theſe ſort of Mixtures, is * 
by comparing the $4.4 of all the Mixture (being ſold at the Mean 
Rate) with the total Value of all the particular Quantities, ſup- 
ling they had been fold at their reſpective Rates unmixed ; ; if 
t * Sums are _— the Work is true. g Pe 

I ect. 


. al 


- when the particular Rates of every one of thoſe Ingredients, ind 
the mean Rate are given; being (as it were) the Converſe to All. 


To find how much of each Ingredient is requiſite to compoſe the 


ow ths 


— 


Sed. 2. Of Alligation Alternate. 
W| Lligation Alternate, is that by which the particular Quantities 
of every Ingredient concerned in any Mixture are found; 


gation Medial; as will appear by the NR Operations, which 
admit of three Cafes, Ek 

Caſe I. The Particular Rates of any Ingredients propoſed tobe 
mixed, and the Mean Rate of the whole Mixture being given. 


Mixture; when the whole Quantity, or any Part thereof, is nat 
limited. 

Queſt. 1. How ack Wheat at 5 5. the Buſhel, and Rye at 3. 
64. the Buſhel, will compoſe a Mixture that may be ſold for 4. 
4d. the Buſhel? IT. 

Note, In all Queſtions of this Nature, it will hs convenient 1 


place the Mean Rate ſo, as that it may be eaſily compared with th Pr 
Particular Rates, in order to find every one of Petr 2 jr 


the Mean Rate, by Inſpection only, 


Thus, the Mean Rate = 52 d. 6 — 4 


Then take the ſeveral Differences between the Mean Rate, and th 
Particular Rates; fetting down theſe ern Mernatth, and 
they will be the 873 ties required. 

| IQ a= 44 = 42: 

Thus 52 7 1 . 3 1 8 
That i is $2 — 12 25 10 for the Quantity of Wheat. 


And 60 — 52 28 for the Quantity of Me, that will com- 
poſe the Mixture required. 


The Proof by Mlligation Medial. 


Add 1 10 Buſbels of Wheat at 60 d. per Buſhel = 64 
8 Buſhels of Rye at 42 d. * Bufhel 336 4. 


18 = the Number of Buſhels. 29304. 
Then 18: 936: : 1: 52 d. = 41. 4d. the Mam Rate, 


Nate, Altho' 10 and 8 do anſwer the Queſtion, as plainly ap- 
pears by the Proof; yet they are not the only two Numbers; fot 
this Queſtion, and all others of this kind, will admit of various 
Anſwers, and all whole Numbers; for any two Numbers that are 


in the ſame Proportion to one anther, as. 10 is to 8, will as truly 
anſwer the Queſtion, | 


Fr Of Alligation, Kr. 


* 4 2 


RESET 
N. 10: 8: 8 | 18 & &c, ad infinitum, 
eg y 25 : 20 


Quest. 2. A Grocer would mix three forts of Tobacco together, 

biz. One Sort of 184. per Ib, another Sort of 22 d. per lb, and 
third Sort of 25. the lb. How much of each Sort muſt he take, 
hat the whole Mixture may be fold for 204. the Pound? 
Having ſet down the given Rates, as Before, then find each of 


de Nlbeir Differences from the propoſed Mean Rate, and place thoſe 

K Differences alternately. 21 hus, 2 eo oat; | 

ot 1 C18) (4+2=24— 20 and 22, — 20 
Mean Rate 20 322 = 20 — 18 | 

1 enn 18 

„ Theſe Differences, viz. 6. 2. 2 are the Quantities required, 

tt (bb of Tobacco at 18 d. | 1087 

the Proof J 21b at 22 4. 9 the Pound come to] 44 7d. 

om 2Ib at 24 d. 7 48 


10 = the Number of Pounds. Their Value = 200 4. 

Then 10) 200 (20 the Mean Rate. 5 
Or indeed any three Numbers that have the ſame Ratio to one 
nother as 6 and 2 have, will anſwer the Queſtion, 


: 1937. 
That is, 6: 2: : 312: 4 Cc. 
C 
But if only one of the three given Rates had been greater than 
m. e Mean Rate; as ſuppoſe 14 d. per Pound, 18 d. per Pound, and 
4. per Pound, and the Mean Rate 20 d. as before, Then their 
ttcrences muſt have been placed, 


BY? of 3 7 ny 
Thus, 20 1 10 j; | bo. as before. 
C24) Coal 8 


Wt. 3. AVintner would make a Mixture of Malaga, worth 
„ bd, per Gallon, with Canary at 6s. 9d. per Gallon, Sherry 
25. 5. per Gallon, and White Wine at 45. 3 d. per Gallon; 
bor tat Quantity of each Sort muſt he take, that the Mixture may 
r10us Wh fold for 65. per Gallon ? | | 
t ate In all Queſtions of this Kind, wherein it is required to mix 
ruly r Things together, two of them baving their Prices greater, 
two leſler than the mean Rate: you muſt always alligate or 
Vs - : compate 


5 9 a Cs ent tt ro” 
114 


— eater 
compare a greater and leſſer Price with "the mean Price, ſetting 
—_ their Differences alternately, as in * firſt n. of thy 

Gion. | , 


21 = 72 —5 


1 : 9 n wg 4 An 18 = 90 — 
i N 04 1 W in 
19 52 $19. 12 =72—þ 
Hence 21 Gallons of Malaga, 12 of Canary, 9 of n and 18 
of White will . the Mixture required. 


5 C Malaga god. f 12 Malaga 1 of 
Or thu Sherty 6od. 18 Sherry (. in 65 M. 

—— 3 81d. 1455 Canary f. 
White 514. 9 White 


Either of theſe Mixtures equally anſwer the Queſtion, wiit 
may be eaſily tried as before i in the laſt, Sc. 


Cafe H. The particular Rats of all the Ingredients propoſed 
to be mixed, the Mean Rate of the whole Mixture, and any one 
of the Quantities to be mixed being given: Thence. to find hon 

mueh of every one of the other Ingredients i is requiftte to compoſe 
the Mixture. 
Mater This is uſually called Alligation Partial. 


weſt. 4. How much W heat at 58. the Buſhel, muſt be mix 
with 12 Buſhels of Rye at 3 5. 6 d. a Buſhel ; that the whole Mas | 
ture may be fold for 4s. 44. the Bufhel ? | 

In this Caſe you muſt ſet down, all the particular Rates, vil 


the Mean Rate, and find their Differerices juſt as before; ; withol laſt 
wy regard had to the Quantity given. : ( 
Wheat 60.2 F 10 to 

Thus, Mean Rate 52d. 1 a : 412 » 
As the Quantity found by the Differences of the Jang tte 

Then Name with the Quantity given : I to 2 nents) given: 1 

So is any of the other 1 found by the Differmts 8 

To the Quantity of it 7 thei 

Thus 8:82::10: 15, the Quantity or Number of Buſhes MY «ue 
Wha requited. R 
uit 5. How much Malaga at 5 5. bd, the Gallon, Sherry i . 

5 s, the Gallon, and White Wine at 4s. 3 d. the Gallon, mult M. = 
mixed with 18 Gallons of Canary at 6s. 9 d. the Gallon ; thatt w. 
Whole Mixtute may be fold for 62. the Gallon? = 


92 wW 


T 


Chap. 9. 1 "of 1 org Kc. — 


The Terms being ſet dow, Be as before, will and 
We 712 F 118 
| | | I 
FOO Mean Rau 72 f. Sherry +) c 12 


C Canary 81 12 
31 4 Gallons of Malaga. 


+3 
7 hen as 12: 18: 15 27 Gallons of White. 


13 Gallons of Sherry. | 
That is, 313 1 Gallons of Maliza, 27 of White Wine, and 1 35 


of Sherry, being mixed with 18 Gallons of d will make the 


Mixture required. 


N ihren 95 [ {2 
| ery \ | 
Or thus, 72 Canary 81 5 1 
| | add. 
| : 70 4 the Mien. 
Then as 21: 185 : Ig A the Sherry. (c. 


| þ 741 the White. 
| Gallas, Tt, A l :B ce - -* 
1 72 at 27 [ 25 1 
122 15 1 at 90 | 25 
9 j 16 r 4 Cech J 353 X 
18 at 81 4.4 11458 0 
Sum SIA Value 3792 1 


Then 51 ) 3702 4 (72 d. = 6. the Mean Rate. 


Therefore the Quantities are as iruly 3 58. as in the 
laſt Work. N 


Caſe III. The particular Rates of all the Ingredients propoſed 
to be mixed ; and the Sum of all their Quantities with the Mean 
Rate of that Sum being given; to find the particular Quantities of 


the Mixture. 


This is called Alligation Total, and is thus preformed. | 
Set down all the particular Rates, with the Mean Rate, and find 
ane Differences, as before: add together all the Differences into 


ONE dum; 

As the Sum of all the Dj erences : Is to the Sum of all the 

Then . eee given: is every e Difference : : 
it's particular Buantity, 

Nu. 6. Let it be required to mix Wheat at 5 5. the Buſhel, 
with Rye at 3 s. 6 d. che Buſhel ; ſo that the whole Quantity may 
be 27 Buſhels, to be ſold for 45. 4.4. a Buſnel; what Wey of 
each mans taken to make up the Mixture ? 

Q 2 Mean 


— > GY —— $A . —— ET ITC 


= 116 n Arithmetick. 4 OK. Ea Part I, 
Wheat 60 45 l R 
Rye 42 d. 8 


Mean Rate 52 


18 = their Sum. 


Then 18: 27 :: 1 y . * the Quantities required. 


Qusſtion 7. Suppoſe it were required to mix Malaga at 7 5. 64, 
the Gallon, with Canary at 6s, 9d. the Gallon; Sherry at 55. the 
Gallon, and White Wine at 4s. 3 d. the Gallon ; fo that the 

| whole Mixture may be 90 Gallons ; to be ſold for 6 s. the Gallon: 
How much of each ſort will compoſe that Mixture? 


- 


Malaga 1 = 
„%% WR CIT TIE - 

| Mean Rate = 72.4. J Canary Br 12 
|  TSherry 60) C12 

| | 60 == their Sum 
| „ at: qr 45 Do . 
| a1 „„ ©: W hite Wine, 
| Then 60 : 90 2: 1 the Gallons of q Sherry. 
| . Canary. 
I Malaga yo ; 12 
1 : | Sherry 60 1 C18 „ 
1 Or thus, 72 J Canary 81 157 . 
I 55 C White 51 Q. » 
| j | 60 their Sum. 
j! : "£12:18 5 Malaga. 
I! . Wo Sherry. n 
ll Then 60: 90: 21 171 Gallons of Dry” P. 
[lt 00133 White Wine, B 
I; Either of theſe Ways do equally anſwer the 1. as may mel 
I! be eaſily tried by Alligation Medial. As before, fc, | 
[| . | 5 x 
j Note, The Work of theſe Proportions may be much ſhorteed A 
Pil 15 22 when there are many Ingredients to be mixed) if you olfervt £ 0 
I} the ſame Method as was propoſed in the Rule of Fellowſhip, page 1 
Wi bs. es « | N 3 
; I have made Uſe of the very fame Examples both in Alligain it 
41 Medial, and Alternate, throughout the three Cafes ; being, 5 1M Co 
Ji preſume, much better than if they had been different ones; be- vi 

l cauſe the Learner may (if he conſider them a little) eaſily percelbe, i 

| of 


not only the Difference between the two Rules, . but alſo where 
Ph the 


Se. _— 


POR TY 


; 55 Of eral; Sede we 
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he chief Difference of each Caſe in the Alternate Rule depends, 
g. Not but that I could have inſerted many various Examples, 
s alſo the Manner of compoſing Medicines, &c. which, for 
revity ſake, I have omitted, and refer thoſe that deſire to ſee 
nto that Buſineſs to Sir Jonas More's Arithmetick, wherein he 
vill find it largely handled. And fo I ſhall conclude with Ali- 
ation Alternate, which altho' it gives true Anſwers to Queſtions 
64% WM; that Kind, with ſome little Variety, according as the Ingre- 
jients are more or leſs in Number; as appears by the foregoing 
the Nxramples; yet it will not give all the Anſwers ſuch Queſtions are 
on: apable of, nor perhaps thoſe which ſuit beſt with the preſent Oc- 
aon: Nor can this Imperfection be remedied by common 
rithmetick 3 but by an Algebraick way of arguing it may; 
whereby all the poſſible Anſwers to any Queſtion may be clearly 
and eaſily diſcovered ; as ſhall be ſhewed further on in the Second 
h OO 


— 


le, 


CHAP. X. 
of Petals and iber Specifick Gzavities, &c. 
Sec. 1. Of Gold and Silber. 


\ 


URE Gold, free from Mixture with other Metals, uſually 
called Fine Gold, is of ſuch a Nature and Purity that it will 
endure the Fire without waſting, although it be kept continually 
melted : And therefore ſome of the ancient Philoſophers have ſup- 

poſed the Sun to be a Globe of liquid or melted Gold. 

e. Silver having not the Purity of Gold, will not endure the Fire 
wr lite it: Yet Fine Silver will waſte but a very little by being in 
2 the Fire any reaſonable time; whereas Copper, Tin, Lead, Ec. 
vill not only waſte, but may be calcined or burnt to a Powder. 

| Both Gold and Silver in their Purity, are ſo very flexible or 
ain oft (like new Lead, Ec.) that they are not ſo uſeful either in 
as [i Coin, or otherwiſe (except to beat in Leaf-Gold or Silver) as 

be: ben they are allay d, or mixed and hardened with Copper or, 
ive, Wil Braſs. And altho* moſt Places differ more or leſs in the Quantity 
rein Wi of ſuch Allay, yet in England it is generally agreed on, that, 
the | | Standard 
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Standard for Gold: 


22 Carracts of Fine Gold, and 2 CarraQts of 
melted together ſhall be ee the true Standard for Gall by, 
c. (The French and Spamfb Gold being very noar of the ſams Stan 
dard). That is, if any Quantity or Weight of Fine Gold, 
divided into T wenty-four equal Parts, and 22 of thoſe Pam b 
mixed with 2 of the like Parts of Copper; that n is called 
Standard Gold. 

Whence you may obſerve, that a Carat is not any certain 
Quantity or Weight, but 24 part of any Quantity or Weigh, 
and the Mintors and Goldſmiths aride it into 4 equal Parts, which 
they call Grains of a Carract; alfo they ſubdivide one of thok 
Grains, into Halves, Quarters, Se. 


Standard for Silder. 


Fleven Ounces and TwoPen ny-weight of Fine Silver, and Figh- 
teen Penny-weight of Copper being melted together, is eſteemel 
the true Standard for Silver Coin, called Sterling Silver. And ſo i 
Proportion for a greater or lefſer Quantity; which is a leſs Pro 
portion of Allay for Silver, than the other is for Gold, 
Mete, When either Silver or Gold is fingg;than Standard, iti 

called Better; if coarſer, it is called Worſe; and that Betternel 
or Worſeneſs, is reckoned by Carracts and Grains of a Carrattin 
Gold, and by Penny-weights in Silver; and is thus diſcoverel: 
'The Goldſmiths or Refiners, &c. take a ſmall Quantity of ſud 
Gold as they intend to try (which they call making an Aſay) and 
weigh it very exactly, then they put it into a Crucible, and melt 
jt in a ſtrong Fire, ſo long, that if there be any Copper, or oth 
Allay mixt with it, that Allay may be 4 . or burnt away: 
When it is cold they weigh it ver e again, and if it har 
loſt nothing of it's firſt Weight, they conclude it is Fine Gold, 
but if the Loſs be 24 Part, 5 it 23 Carracts Fine, or one 
Carract better than Standard: If it have loft f. Parts it is 22 Cat 
rats fine, or Standard: If & Parts, it is aid to be 21 Carrach 
fine, or rather one Carract worſe than Standard, and oi in Pr 
portion as it mr to be better or wor ſe. | 


In the ſame 8 they make their Aſſay on Silver, only the) 
compute it's Loſs by Penny-weights, c. 
The Author of the Preſent State of ee mentioned before 
(page 32.) fays, | Tha 


. . ———— em CEE CA 


775. f Penis; Oditle, = 73S 


6 "That the Engliſh Coin may want neither the Purity nor 
Weight required, it is moſt wiſely and carefully provided, that 
once every Year the thief Officers of the Mint appear before the 
Lords of the Council in the Star-Chamber at Weftmin/ler, with 
; ſome Pieces of all ſorts of Monies coined the foregoing Year, 
_ at adventure out of the Mint, and kept under ſeveral 
Locks, by feveral Perſons, till that Appearance, and then by a 
Jury of 24 able Goldſmiths, in the Preſence of the ſaid Lords, 
every Piece is moſt exactly weighed and Aſſay d.. 
This if it were conſtantly praftifed would keep our Coin to it's 
rue Standard, Ee. 
Many pretty Queftions may be ſtarted CW the Fineneſs 
f Gold [rnd vilver, Ce. Pe 


BXAMPLE I, 


. 


L a” 


If an Tagot of Silver weighing 787 Oz. 14 Pic 6 Grains, be 
11 Oz. 6 Pwr. fine; How much fine Silver is there in ir, and 
what amounts it to, at 5s. 1 1 d. the Ounce? 

This Thgot is better than Standard by 4 Pwr. For 11 Oz. 
2 Put, = 222. Put. the fine Silver in 12 Oz. of Standard. But 
11 Oz, 6 Pwt, = 226 Pwr, the fine Silver in 12 Oz. according . 
to the Queſti ion. | | | 


Firſt 187 Oz. 14 Put. 6 Grains 378 102 Grains. 
And 12 Os. = 240 Pwr, 
Then, As 240 : 226 : 378102 : 256046 40 — 741 Oz. 
15 Pwt. 6 20 Grains the 4 Steer in "A. Ingot, 

Which at 5 s. 15 d. the Ounce, amounts to 190 l. 15. 6d. 
and near a Half- Peuny. 0 


Os EXAMPLE2. 


If an Ingot of Gold weighing 115 Oz. 13 Put. 18 Grains : 
be z of a Grain worſe than Standard: How much Standard Gold 
is there in it, and what comes it to at 30. 11s, an Ounce? 


Firſt 115 Oz. 13 Pwt. 18 Grains = 55530 Grains Try. 
Then 24) 55530 (2313,75 a Carract of that Quantity. 
And 4) 2313, 75 (578,437, 5 = a Grain of that Carract. 


Conſequently 4) 57 8,4375 (1443609375 =4 of a Gain. 


Again, 2 12,75 x 22 = 50902 5 t 0 be the fine Gold) in 
lat Ingot, * it had been Standar * 1 a 
. vil 
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50757, 890625 :: 55530 : 55372, 244 Cc. Grains = 115 03 
' Gold in that * as was required. 


13 Put. 18 Grains = 115,6875, And 4 ofa Grain of a Carr 


115 Oz: 7 Put. 4,244 Grains, &c. as before. 


Ano 1633, ſets down the Proportion of their Weights thus; Gold 
1875 . Lead 1165. Silver 1040. Copper 910. Iron 810. Tin 759, 


| thus: Gold 1875 . Quickſilver 1500 , Lead 1165. Silver 1040. 


: — " 


— 2 * — — 


- 
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But 50902, 5 — 144.6093) 5 = 50757,890625 is the Quantity 
of fine Gold according to the Qu TT herefoze 509025 


ueſtion. 
7 Prot. 4, 244 Cc. Grains Trey, being the Quantity of Standard 


Next for the Value of it at 3/. 11 . per Ounce; 1 Ox. 480 
Grains; and 3 J. 11s. = 71's, Conſequently 480 : 71: 
55372,244 c.: 8190, 4777 Fc. = 409 l. 105.5 4 d. ver 
near; being the Value of that Ingot, as was required. 

Or the laſt Queſtion may be otherwiſe wrought thus; 115 02 


is e (viz. the 4 of ) Then 22 — & = 21 18 = 21,937, 
Conſequently 22 : 21,9375 : : I15,6875 : 115,358842 &.. 


| Next for the Value; as 1: 3,55 :: I15,358842 ; 409,523.89 
= 4091, 103. 5 4 4. very near: as before. 


2 ä 


—— — 


Sect. 2. The Specifick Gꝛautty of Metals, &. 
J Take an Enquiry made about the different Gravities, ot 


1 Weights of Metals, and other Bodies, to be (not only a Work 
of Curioſity, but alſo) of very good Uſe upon many Occaſions, 


Therefore ſeveral Authors have given us ſuch Proportions, or 


Difference of their Weights, as they are ſaid to have one to anc- 
ther; ſuppoſing every one of them to be of the ſame Magnitud: 
or Bigneſs. Some of which I ſhall here inſert, 


1. Henry Van Etten, in his Mathematical Recreations, printed 


\ C 
Water 100. 


2, One Aſted, in his Encyclepedia, printed 1649, hath them 


Cooper 910 . Iron 806 . Tin 750 . Honey 150 . Water 100. 
Oil go. Theſe ſeem to be taken from thoſe of Van Etten's, with 
ſome Additions only. e EET: b 


3. The ingenious Mr Ougbtred, in his Circles of Proportions, 
printed Anno 1660, hath their Proportions 1 to the Ex- 
periments of one Marinus Ghetaldi, in his Trat called Archimedes 
Promotus) thus: Gold 3990 . Quickſilver 2850 , Lead 2415 
Silver 2170 , Braſs 1890, Iran 1680, Tin 1554. h 
. 4 


— 


* 
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hap. 10. Of Metals, Gzavities, c. 12 


y In the Philoſophical TranſaQtions, (Number 169 and 109) 
5 there is an Account of a great many Experiments of this Kind; 
" from whence I collected theſe following, viz. Gold 18888. 


Mercury 14019 Lead 11343. Silver 11087. Copper 8843. | 
Hammered Braſs 8349 . Caſt Braſs 8100. Steel 7852 . Iron 1 
643. Tin 7321. Pump- water 1000. mt : 

Theſe laſt Proportions being approved of and. publiſhed by 
Order of the Royal Society ſeem to be unqueſtionably true: Never- 
theleſs, becauſe they differ ſo much from the beforementioned 


02 land thoſe from one another) J have for my one Satisfaction made 
al ereral Experiments of that Kind: And have (I preſume) obtained 
to the Proportions of Weight that one Body bears to another of the 


ame Bulk or Magnitude, as nicely as the Nature of ſuch Matter, 
hich may be contracted or brought into a leſſer Body (viz. either 
yy Drying, or Hammering, or otherwiſe) will admit of; which 


4 s 


ue as followeth ; 


. 8 | ; Ounets Troy, n a Averd, | 
x Hine Gold, is 10, 359273 = 11, 365602 
F I Standard Gold, 9,962625 = 10,930422| 
aK | Ruickfilver, 7384411 = 8,101753 
ns Lead, | 5.984010 = 6,553885 
8 Fine Silver, 5, 850035 = 6, 418324 
* I ͤ Standard Silver, |, 5.556769 = 6, 965 69 
ade I Roſe Copper, | 43747121 = 6, 208369 
Plate Braſs, 4.404273 =" 4,832116| 
 Coft Braſs, 44272409 = 4630300]. 
Sl, © | 4.142127 = 4,5405 
Common Iron, I 44031361 = 4, 422979 
\ Cubick 3 Block Tin, 3,8615 19 =. 4,236638| - 
Inch of } Fine Marble, 1,429411 = 1,568859| 
Common Glaſs, .1,360841 =. 1,493037| 
em Alabaſter, 9 1,0084477 
10, Dry Tvory, IJ 0,962083 = 1, 055542 
0. { Dry Beru % | 0,543282 = 0,596057| 
ith Sea Water, 0,542742 = 0,594894 
| Common Clear Water, | 0,527458 = , 578697 
| Red Mine, 10, 523766 = 0, 574646 
m, Pro Spirits of Brandy, o, 489268 = o, 536796 
Ex- Sound Dry Oak, [o, 489008 = o, 536569 
det I Linſeed Oil, | 0,491591 = 0, 539345 
8. L Ou Olive, - - | 9481569 = 0528350 


the Table; it's Solid Content being given in Cublick Inches, Po 
ii is plain, that if the Number of Cubick Inches contained in any 
given Quantity, be multiplied with the tabular Weight of one Inch, 
(of the ſame kind of Matter) the Product will be the Weight of that 


5 | Suppoſe it were required to find the Weight of a Piece 9 


And 5184 +40=5224 the Number of Cubick Inches in tte 
Piece of Marble. | | „„ | 


Number of Cubick Inches contained in that Quantity. 


8 
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Part . 


In this Table you have the Specifick Gravity or Weight of ; 
Cubick Inch, of various ſorts of Bodies, both in Troy Ounces ang 
Auerdupois Ounces, and Decimal Parts of an Ounce, which Ic 
aſſure you required more Charge, Care, and Trouble, to find oy 
nicely, than I was at firſt aware of. 

Now from hence it will be eaſy to determine the Weight of 
any propoſed Quantity, of the ſame Matter and Kind with thoſe in 


Quantity in Ounces, &c... 
EXAMPLE. 


Marble, containing three Solid Feet, and 40 Cubick Inches, the t 


Firſt 1728 x 3 = 5184 the Cubick Inches in 3 Solid Feet. Prod 


Then 5224 x 1, 42941 1 = 7410,066624 Ounces Try, 
Or 5224 x 1,568859 = 8195, 719416 Ounces Averdujui, 


The Weight of that Piece of Marble, in Ounces, &c. which is 
eaſily brought into Pounds, c. The like for any of the reſt, 
The Converſe of this Work is as eaſy; viz. if the Weight | 
any propoſed Quantity be given, thence to find the Solid Content 
of that Quantity in Cubick Inches, &c. a 
Thus, divide the given Weight of the propoſed Quantity (i 
being firſt reduced into Qunces, &c.) by the tabular Weight of one 
Inch (of the ſame kind of Matter) and the Quotient will be ti 


| Note, If you would find what Weight any Quantity of tho 
Bodies mentioned in the Table will have, when it is immerſed 
put into Water, you muſt ſubſtract the Weight of an equal Quanti 
of Water (with that of the Body) from the Weight of the propoſe 
Body (if it be heavier than Water) and there will remain the Weig 
required, As for Inſtance, | Fo 
A Cubick Inch of Lead = 5,984010 1 H.. 
A Cubick Inch of Water = 0,542742 1 Ounces Trey, & 
their Difference is, = 5,441268 the Weight of a Cubic 
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Chap. 11. Of Extracting Roots, &c. 


F FAT 
1 | 5 
evolution, or Extradling / dots out of all Singl 
ut Powers ; by one Geometrical Method, 

Y ere is the Unravelling, or as it were the Unfolding and 
* / Reſolving any propoſed Power or Number, into the ſame 
0 Parts of which it was compoſed, or ſuppoſed to be made up. Now 


in order to perform that, it will be convenient to conſider how 
thoſe Powers are compoſed, c. | 13 . 
A Square Number is that which is equally equal; or which is 
contained under two equal Numbers. Euclid. 7. Def. 18, Thus 
the Square Number 4 is compoſed of the two equal Numbers 2 
and 2, Viz. 2 x 2 = 4. Or the Square Number 9 is compoſed of 
the two equal Numbers 3 and 3. wiz. 3x 3 9: according to 


Product is called a Square Number. 


which is contained under three equal Numbers. Eu. 7. * 19. 
Thus the Cube Number 8 is compoſed of the three equal Num- 
bers 2 and 2 and 2. wiz. 2 Xx 2 * 2 2 8, Cc. That is, if any 
Number be multiplied into it ſelf, and that Product be multiplied 


Number. 


ames from Geometrical Extenſions or Figures; as from the 


idee Signal Quantities mentioned in page 2. That is, a Root is 
 onef{epreſented by a Line or Side, having but one Dimenſion, vix. 
bat of Length only. The Square is a Plane or Figure of two 


did Body of three Dimenſions ; having equal Length, Breadth, 
and Thickneſs 2 But beyond theſe three, Nature proceeds not, 


wmits no Room for other ways of Extenſion, than Length, 
breadth, and Thickneſs. - Neither is it poſſible to form, or com- 
poſe any Figure or Body beyond that of a Solid. 

And therefore all the ſuperior Powers above the Cube or third 
Power; as the Biquadrat or fourth Power, the Surſolid or fifth 


Numbers in Geometrical Proportion. For Inſtance: Suppoſe 
ny Rank of Geometrical Proportionals, whoſe firſt Term and 
uo are the ſame; and to them let there be aſſigned a Series 


R 2 


Euclid, That is, if any Number be multiplied into it ſelf; that 


A Cube is that Number, which is equally equally equal, or 


th the ſame Number; the ſecond Product is called a Cube 
Theſe two, viz. the Square and Cube Numbers, borrow their 


Dimenſions, having equal Length and Breadth. T'he Cube is a 


s to Local Extenfion, That is, the Nature of Place or Space, 


Power, fc. are beſt explained and underſtood by a Rank or Series 


of 
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of Numbers in Arithmetical Progreſſion, beginning with an Unite 
1, whoſe common Difference is alſo 1, as in page 79. 

we $1, $.. $6. 44. $ +: 0, 7, Jadice. 

Thus, | 4:4» 85 6 32 . 64. 128 Se. in = 
Then are thoſe Numbers in == produced by a continued Mul. 
tiplication of the firſt Term or Root into it ſelf; and thoſe in 
Arithmetical Progreſſion or Indices, do ſhe w what Degree or Foyer 
each Term in the Geometrical Proportion is of, For Example; I 
this Series of —= 2 is both the firſt Term or Root, and common 
Ratio of the Series. Then 2 x 2 = 4 the ſecond Term or Square; 
and 2 2X 28, or 4 x 2=8, the Cube or third Term; 2x21 
x2=16, or 8x2=16 the fourth Term or Biquadrat. And 6 
on for the reſt. | | Ls 
Note, This is called Ynvolution, viz. ben am Number i 
drawn into it ſelf, and afterwards into that Product, &c. it is ſu 
to be ſo often involved inte it ſelf; and the Indices are the Exponm; 
of their reſpective Powers ſo involved. 

And according to theſe Involutions, is formed the following 
Table of Powers; wherein the Root is only one ſingle Figure. 
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3 | 5 | 27 | 8! 243] 725| 2187] 6561] 1966; 
: * 16 64 256] 1024 4096 16384 65536 262144 
5 f 25 125 625 | 3125 15625 78125 390026 | 1953125 
6 | 36} 216 | 1296 776 46656] 259936 1679616] 1007769 
£6» _343 | 2401 | 168071717649 5823543 5764801] 4035300) 
8 1] 64 | 512 4096 32768262144 2097152 16777216 134217728 
9 } $1 |] 729 | 6561 | 5904915314411 4782969 4394672113574 


This Table plainly ſhews (by Inſp&Qion) any Power (under thc 
Tenth) of all the nine Figures; and from thence may be taken the 
neareſt Root of any Square, Cube, Biquadrat, &c, of any Num: 
ber whoſe Root or Side is a ſingle Figure, 51 


= 
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But if the Root confiſts of two, three; or more ina of Fi igures, 
hen it muſt be found by piece en or Fi igure after Ligure, at 
ſeveral Operations. 

The Extraction of all Roots, above the Squark (viz. of the 
be, Biquadrat, Surſolid, &c.) hath heretofore been a very tedi- 
us and — Piece of Work: All which is now very much 
ſhortened, and rendered eaſy, as will appear further on. 
When any Number is propoſed to have it's Root extracted, the 
£rſt Work is to prepare it, by Points ſet over (or under) their pro- 
per Figures; according as the given Power, whoſe Root is ſought 
both require; and that is done by conſidering the Index of the 
ven Power, which for the Square is 2, for the Cube 3, for the 
piquadrat is 4, Cc. (as in the precedent Table) Then allow ſo 
any Places of Fi igures in the given Power, for each ſingle Fi- 
ure of the Root, as it's Index denotes; always beginning thoſe 


and if the given Number be Integers, and deſcend towards the 
light · Hand in Decimal Parts. As in theſe following. | 
Suppoſe any given Number ; as 7 5640387246 which I ſhall all 
long hereafter. call the Reſolvend. | 

Then if it be required to extract any of the follewies Roots, it 
uſt be pointed (according to the forementioned Conſideration) i in 
bis Manner 


th Square Root Thus 75640387246 


Cube Ra 75640387246 
Viz. For thee 2 L £590 Grape 
TID] | Biquadrat Root 75640387246 


Nj 


If 64 Sur ſolid 3 1 575 640387246 
e ſuppoſe the een to be o, 674035982 


— 


Then for the 


Square Root Thus 0,6740359820 
Cube Rr Y | ut 0, 674035982 


Biquadrat Root 0,674035982000 | 


Now the Reafons of pointing the given Reſolvend in this man- 
er; viz, the allowing two Figures in the Square; three Figures 
i the Cube, and four Figures in the Biquadrat, &c. For one 
pure in the Root, may be made evident ſeveral ways; but. I 
ink it is eafily conceived from the Table of ſingle Powers, 


herein you .. obſerve that all the Powers of the Figure 9 
(which 


n 


1 


K 


a 2 AD 
aA» 


boints over the Place of Unity, and aſcend towards the Leſt- 


oe nn » 


LIT 


4 „ . 
_- \ - — 1 6 
2G + #7 he in GCC OE 
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(which is but a fingle Figure) have the ſame Number of Place, 9 
Figures, as the Index of thoſe Powers denotes: Therefore 6 
many Places of Figures muſt be taken or aſſigned for every ſingh 
Figure in the Root. Conſequently by theſe Points is known how 
many Places of Figures there will be in the Root, wiz. So many 
Points as there are, ſo many Figures there muſt be in the Root, 
and whether they muſt be Integers or Decimal Parts, is ealil 
determined by the reſpective Places of the Points. 


N = * mY 2 . 2 3 n 
— — — 
. * my * 1 1 


Sect. 2. 25 Extract the Square Root. 


AND firſt how to extract the Square Root, according to the 
44 common Method...  _ «164. 956; q 
_ © Having pointed the given Reſolvend into Periods of two Figure 
as before directed; then by the Table of Powers (or otherwiſe) find 
the greateſt Square that is contained in the firſt Period towards the 
Loeft-Hand (ſetting down it's Root, like a Quotient Figure in Dj. 
viſiom) and ſubſtract that Square out of the ſaid Period of the Re. 
ſelvend: To the Remainder bring down the next Period of F. 
gures, for a Dividend, and double the- Root of the firſt Square for 
2 Diviſor; enquiring how oft it may be had in that Dividend, ſo 
as when the Quotient Figure is annexed to the Diviſor, and that 
increaſed Diviſor multiplied with the ſame Quotient Figure, the 
Product may be the greateſt Number that can be taken out of thi 
Dividend; which fubſtract from the ſaid Dividend, and to ti: 
Remainder bring down the next Period of Figures, for another 
new Dividend: Then fee how often the laſt increaſed Diviſor, 
can be had in the new Dividend (with the ſame Caution as befirt, 
' viz.) ſo as that the Quotient Figure being annexed to the Diviſor, 
and that increaſed Diviſor multiplied with tbe ſame Quotient Fi 
gure, their Product may be the greateſt Number that can be ſub- 
ſtrated from the new Dividend. (As before) And ſo proceed on 
from Period to Period (viz, from Point to Point) in the very ſame 
Manner, until all be finiſhed,  —_- 

An Example or two being well obſerved will render the Work 
of forming the new Diviſors, &c. more plain and eaſy than can 
be expreſſed in a Multitude of Words, . 


k Example 1. Let it be required to extract the Square Root out 
of 572199960721. This Reſolvend being prepared or pointed a 


before directed, will 
W 7, | 


N Thus, 
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0 Thus, 572199960721 (756439 the Root. 1 
ge the greateſt Square in 7. 2 
. Diviſor 145) 21 
1 5 225146 x 5 
h. Dieiſor 1506) 9699 
e 6 9036 = 1506 x6 

3. Diviſor 15 124) 1 "66396 | 3 

5 60496= 15124 x4 
Diviſor 151283) 590007 
NES... 3849 = 151283 x 3 2 

| Divifor 1 5728650 1361581 

he . 13615821 2 15128690 0 


Þroof 756439 x 756439 = 572199960721 the Refolvend. - 


1 Example 2. What i is the Square Root of 12070 2764025 ? 

* Operation x850701,764025 (1360.05 

f. r 

for 23) 85 

if 2 7 9; „ 

0 266) 1607 eee Hence 1360, 405 is the 
3 | 6 1596 'S Root required. n 
ie 17204) 1101, 

er "IT 1088 1 

i 2720805) 23 604025 

5 5 13 604025 

Fi. ” . e | 3 

b Ex. 3. What is the Square Root of 0,0607 6225 Decimal Parts? 


me Operation o, O 6225 (, 2465 the Root mow. 
504 = x42 


IK 

Al 9 — 75 | ME 940 bs x 0,24 bs = 
; 225 the 
486 3162 F 0,0007 

P Reſolrend. 

E 


Us; 


What 
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{.... Oy 
What is bere done in whole Numbers, mixed. Numbers, a 
Decimals, may alſo be done in Vulgar Fractions; if you $4 
change the given Fraction into Decimals, (As in Sect. 5. p. 68.) 

Example 4. Let it be required to extract the Square Root of 


5 6 Then 0,64 (,8 the Root required, 
c 


In theſe four Examples the Reſolvend hath been a perſect Square; 
and therefore the Root hath been extracted without leaving any 
| Remainder : But it very often happens that the Reſolvend is not 
a true Figurate Number, according to the propoſed Power. That 
is, it is not a perfect Square, Cube, Biquadrat, &c. and the 
ſomething will remain after the Extraction hath been made 
throughout all the Points. Such Numbers are called Surd Num- 
bers, and their Roots can never be truly found, but will become 
a continued Series, ad infinitum : If to the Remainder there be lil | 
annexed Cyphers according as the propoſed Power requires, u. | 
by two's in the Square; three's in the Cube, four's in the Biqu- g! 
drat, Sc. And the Operations continued on as before. 
Example 5. Suppoſe it were required to extract the Square 

Root of 6968, e 
. 1 Operation 6968 (83,4745, &c, 


Jiviſo 


04 iſ 
269)  - 508 
3 2 6 iviſo 
1664) 79,00 
3 55 
16687) 124400 He 
9 11 6809 


166944) 759100 
. 
4 — — —— 
10669485) 9132400 
. 
TOY 1669490) 784975 &c. 
Then the Root of any Surd Number may be continued on to 
what ExaCtneſs you pleaſe, but cannot be truly found. 
In my Compendium of Algebra, Chap. 9. I have propoſed 
another Way of extracting the Square Root, and there given 
Examples of the Work; which to avoid Prolixity is thus; 


Having 
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— Having pointed the given Reſolvend, and taken the greateſt 
* quare to the firſt Point from it, as before. Then divide the 
ſ 


demainder of the whole Reſolvend by 2 (that is, half it) and 
int it a-new. (This I call a new Dividend) Then make the 


und in the new Dividend to the next Figure forward, reſerving 
hat Figure under the next Point for the half Square of the Quo- 


ding to that Product the Tens of the half Square if there be any, 

in plain Diviſion. Then annex the Quotient Figure to the 
n Diviſor for a new Diviſor, with which proceed in all Re- 
xs as with the laſt Diviſor; and ſo on until all be finiſned. 


Example 6, What is the Square Root of 2990667969 


| Operation 2990667969 | 55 
1 25 e firſt ſingle Root 


2) 490667969 The Remainder to be divided by 2, 


rſt Root 5) 24533398455 (54687 


hive e 33. 
+ 6 3258=54x6: +5 the Square of 6, 


— — — — 


Jiviſor 546) 47539 5 TE ns 
| 8 43712=546x8: ＋ x the Square of 8 


Jiviſor 5468) 3827 84,5 


8 <a | 
| Hence the Root is found to be 54687, as was required. 


All the Difficulty in this Method is only the true placing of the 
lf Square of the Quotient Figure, when it happens to be an odd 


Ne Dividend; viz. of the next Period; under which, place the 
id 5 that will always ariſe from the half Square of an odd Num- 
r: As 7 whoſe Square is 49; the Half of which is 24,5 to be 
ced as in the laſt Operation of this Example. | 

N. B. When the Number of Figures in the Root of any Surd 


vt as before; but only to one Figure more than half the deſigned 
unter of, Figures 3 for the Reſt may be obtained by plain Diviſion 


8 | Example 


ot of the firſt Square a Diviſor, inquiring how oft it may be 


tent Figure. Which _ found, multiply the Diviſor with it, 


+ 4 208 564: +5 the Square of 4, viz. 2 1 


+ 7 3827845 =5468 x 7 : + 3 the Square of 7. 
lumber: In that Caſe you muſt bring down one Figure more of 


unber are limited ; you need not proceed in extratting the whole 
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of which may be _— as "ey one likes belt, 


Example 7. Suppoſe it were required to extract the Square iy Rag 
of 7 (a Surd Number to have 12 Faces of Figures in it. 


- (2,645751 | Firſt part of the Root 


SBI. . 
| Remainder 3 3 
2.3 1,50 = Half the Remainder. 
+ „6 1.38 2x, 6: +3 N of SY 
3 1200 
„% 1048 
." 204) © -; 153000 
+ »005 132125 
JJ. 
+ 0007 1851745 
2, 6457) 13575500 
+ 00005 13228625 
2, 64575) 34687500 
Þ „oo 26457505 
2,6457581 8229995 


Having thus got 7 of the 12 Figures bs in the Root; th 
reſt may be _ found by the contract Way of Diviſi pr 


poſed | in page 68. 
| 8 then 
Thus 2,6457517) 8229995 | (2,64575131106 ſettin 
52 % 0947263 5 Figut 
| from 
292742 | B 
264575 | Caſe 
: | 
— — 1 1 5 dow! 
1720 TG ; Caſe 
3997 | | N 
(13)! E Divi 


e I find the Root of 7 to be 2,64575131 106, 4 as was! 
quired. 


Thus you have two ways of extracting the Square Root, © eite 
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Sect. 3. To Extract the Cube Root, 
HE Method I ſhall here propoſe for extracting the Cube Root 
admits of two Caſes; both which are to be very well obſerved. 
Having pointed the given Reſolvend, (as before directed) viz. in- 
o periods of three Figures; then ſeek a Cube Number by the Table 
powers (or otherwiſe) that comes neareſt to the firſt Perſod of the 
deſolyend, whether it be greater or leſs than that Period, | 


Caſe 1. If the Cube Number ſo taken, be leſs than the firſt 
riod of the Reſolvend, call it's Root Leſs than Juſt ; And ſub- 
&:::& that Cube from the firſt Period of the Reſolvend. | 


Caſa 2. But if that Cube be greater than the firſt Period of the 
Reſolvend, call it's Root More than Juff ; And ſubſtract the Re- 
ſolvend from that Cube, annexing Cyphers to it, that ſo Subſtrac- 
tion may be made. | ie +2 „ 
To the firſt Root, whether it be leſs or more than Juſt, annex ſo 
many Cyphers as there are remaining Points over the whole Num- 
bers of the Reſolvend, and multiply it with 3: Then making that 
product a Diviſor, by which you muſt divide the Difference be- 
ween the Reſolvend and the foreſaid Cube; that Quotient will be 
the Reſolvend depreſſed to a Square, and therefore muſt be pointed 
25 ſuch . viz. into Periods of two Figures each. That being done, 
make the firſt Root (without thoſe Cyphers that were annexed to it) 
Diviſor, enquiring how oft it may be found in the firſt Period of 
the new Reſolvend (as before in extracting the Square Root) with 
this Conſideration, that if the Root (now a Diviſor) be leſs than 
Juſt, as in Caſe 1. you muſt annex the Quotient Figure to it, and 
then multiply the Root ſo increaſed, into the ſaid Quotient Figure; 
ſetting down the Unit's Place of their Product under the pointed 
Figure of that Period, ſubſtracting it, as in Diviſion. And fo on 
from one Period to another, as before. | 

But if the ſaid Root (now a Diviſor) be more than Juſt, as in 
Caſe 2, Then you muſt ſubſtract the Quotient Figure from a Cy- 


0.13 


multiplying the Root ſo decreaſed into the Quotient Figure ; ſetting 
down their Product as before, &c. An Example or two in each 
Caſe will render the Work plain and eaſy. 


Note, Each Quotient Figure ought always to be twice added to the 
Divifor, if the Tabular Cube was taken leſs than juſt, or twice ſub- 
frafted from it, if greater; viz. once before you multiply by it, and 
once with the next Quotient Figure : as will be ſhewn in the following 
Examples; which are therefore more exact and conciſe than as done 
V the Author in all the farmer Editions of bis Wark, . 

0 | S 2 | . Example 


* 


pher annexed, or ſuppoſed to be annexed, to the ſaid Diviſor; 


—— — — 


- — 0 . 
— — ( — * 2 
—— = — — — 5 . Ee 8 
ho — N 


— —e— — — * * 
- —— — — 
— ' ————— 2 * 
©. 


— 00 ns 
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by Diviſoe "227 52) 14242, 12 (527 the Root required, 


a Divi 0p 547) "2842 


may be eaſily tried by involving it. 
But if it had not been the true Root, then every thing that hath 
ſingle Root (viz. 5) you muſt have taken the increaſed Root (vin. 


the Number of Places in the laſt Root; as will "To further 
on. 


Firſt Root 4 
„ ee 
x Divifor 45% 40%) 292318,68 (4071,79 
| + 071 2849 
2 Diviſor 4141) 7418 
+ -- 1 41417 


Ex. 1. What is the Cube Root of 14636318 3 the given Reſo ren 
to be r thus 146363183 (the firſt Root, leſs than Juſt. 
125 = the neareſt Cube to 146 
500 x Z= 1500) 21363183 (14242,12 new Reſolvend 
Firſt Root 5 | 
2 


2 194. 
3829 


5 Iz the Remainder to be rejected. 
Here the Root 527 is the true Root at the firſt Operation, 


That is 527 x 527 x 527 = 146363183 the given Reſolvend. 
been here done muſt have been repeated; only inſtead of the fit 


527) and this I call a ſecond Operation; ; which would increaſe the 
laſt Root to nine Places of Figures; viz. every Operation triple 


N. B. It often happens that four, five, and ſometimes more Plats 
of Figures may be taken into the Roat : eſpecially when the ſecond Play 
proves to be a Cypher. That is, when the firſt Cube comes ver) er 
to the * e of the Reſolvend. 

EXAMPLE 2. 


What i is the Cube Root of 67 750 7824239 (4000 Root leſs 
Firſt neareſt Cube = f (Jul 


Root 4000 x z= 12000 I (292318, 68 


3 Divifor 4142,7) 3277,68 

E 29 2899,87 
4 rtr 4143,40) 377,79 &e. The 
In this Example 1 have taken ſix Figures into the Roots, be: WW : 
wut the ſecond Place proved to be a r. And in theſe . 
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de Exceſs is not an Unit in the laſt Place; for if there were 
made a ſecond Operation, the Root would be 4071,78 Cc. as 
may be eaſily tried. | . | 


nl, 


* 


EXAMPLE z. 


Let it be required to extract the Cube Root out of this Number; 
| Viz. 97637960298907 3960279630298890 
he neareſt Cube to 976 is 1000 whoſe Root is 10 more than juſt, 
rs Cube I000000000000000000000000000000 i 
© — 9763796029890) 39602796 30298890 the Reſolvend. 


Remains 236203970 109260397 20369701110 
he firſt Root I0000000000 x 3 = 30000000000 the Diviſor 


hen 30000000000) 23620397010926039720369701110 (78734 


eJ 


(6567030867990 for a new Reſolvend. 


Iſt Root 10 
— 007 


1 | OS 4888 
bn 993) 787346567030867990\ 0079364 &c. ſubſtract. 
3 1 Remains 920636600 the Root 
Div. 9851) 92246 true to the ſixth Figure, and on- 
— 93 88659 Iy too little by an Unit at the 
Dy. 98417) 358756 ſeventh, at the firſt Operation. 


. 
4Div. 984134) 6350570 
— 64  $904804 
Dy. 9841276) 44576630 
: J 


For a ſecond Operation (if you require no more than ten Places of 
Figures true in the Root) you need only aſſume 9920000000; which 
being leſs than juſt, proceed with as follows: 


from the given Reſolvend = 97637960298907 3960279630298890 
dub. the Cube of 9920000000=976191488000000000000000000000 


Remainder 12881 1498907 396 &c. 


Then 3x992 &c. = 2976&c.)18811498907 396 &c,(6321068181 &c. 
by or a new Reſolvend. 5 ö robes 5 88 
ux 


e | 99200 


134 5 — N PI 


ha 
99200 
| : (sg the Root aſſumed 
99206) 6321068181 637 163, 5 add 
| * 3 595230 9920637 163,5 the Root true ts {Trl 
992123) 3687081 the tenth Figure, and only too 
18 37 2976369 | much by an Unit in the 
5921267) 71071281 3 
E I&c. 69448869 


992127 *) 1622412 * Here the Additions of the Que 
33 992127 tient Figure being of no Conſe 

620280“ A4uence, therefore the Diviſin 
is carried on from bence, a5 in 


page 68. 


630285 
595276 


Fir 


£0 he * manner the Cube Roots of Decimal Parts; or of 


Vulgar F ractions, W firſt changed into Decimals, may be en. 
tracted. 


2 8 — — * "I . 


22 : * 6 
— 


Sect. 4. To Extract tbe Biquadrat Root, 


JY extracting the Biquadrat Root, or that of the Fourth Power; 
(and indeed the Roots of all even Powers) there are ſome ſmal 
Difficulties, not ſo caſtly expreſſed and explained in a few Words, 
as they are by an Migebraick Theorem (ſuch as ſhall be ſhewed fur 
ther on) I have therefore in this Place made choice of extracting 
ſuch Roots by two ſeveral Extractions; and the rather, becauſe [ 
preſume the Reader by this Time thoroughly acquainted with the 
Buſineſs of extracting the Square Root, by which this may cali 
be performed. Thus: Re 
Firſt, Extract the Square Root of the propoſed Refolvend, Mi le 
then the Square Root * that firſt Root will be the Biquadrat . C. 


Root B : 0 

Example 1. What is the Biquadrat Root of 4857 5324 a 

F irft extract it's Square Root, Th th 
. us 


r of 


Firſt Root 6) 62 


Thus 4857532416 3 
- — 36 = the greateſt Square, whoſe Root is 6. 
"1257532416 Remeinder to be divided by 2. 


8766208 (69696 


11 
50 4826 
+ 5 4158 
696 668620 
+ 9g 26808 
" 6969 418158 
_418158 


0 - | 
Then 60 bo 6 being the firſt Root, whoſe Square Root 


muſt now be extracted. 


4 
29696 Remainder to be divided by 2. 


Firſt Root 2) 14848 (264 the Biquadrat Root as was required. 
0 IV -- Ps 
26) 1048 
+ 4 _1048 
264 (0) 


This is fo eaſy I need not inſert any more Examples. 


Set, 5. To Extract the Surlolid Root, 

PAVIN G pointed the given Reſolvend according as it's Index 

denotes; viz. into Periods of five Figures; ſeeking ſuch a 
durſolid Number in the Table of Powers (or otherwiſe) as comes 
the neareſt to the firſt Period of the Reſolvend, whether greater or 
kſs; and call it's reſpective Root accordingly ; v:z. more than Juſt; 
or leſs than Juſt ; annexing ſo many Cyphers to it, as there are re- 
maining Periods of whole Numbers in the Reſolvend ; as before in 
extracting the Cube Root: Then find the Difference between the 
Reſolvend, and the Surſolid Number ſo taken, by ſubſtracting the 
leſſer from the greater, (as before in the Cube). Next find the 
Cube of the aforeſaid Surſolid Root with it's annexed Cyphers, 
(which you may alſo do by the Table of Powers) and multiply 
that Cube with 5 the Index of the Surſolid, the Product muſt be 
a Divifor, by which the Difference between the Reſolvend and 
the Surſolid Number muſt be divided; that ſo it may be depreſſed 
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. 24 Zr at As * 2 . 0s Gat 22 —— i 25 


to 
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to a Square (as before in the Cube) which. muſt be pointed into 
Periods of two Figures each, calling it the new Reſolvend, (a 
before). Then make the firſt Root, without it's Cypher,, , 
Diviſor, enquiring how oft it may be found in the firſt Period of 
the new Reſoivend, with this Conſideration, if the Root (now: 
Diviſor) be leſs than Juſt, you muſt annex twice the Quotient Fj. 
gure to it; but if it be more than Juſt, you muſt ſubſtract twice 
the Quotient Figure from a Cypher either annexed, or ſuppoſe 
to be annexed to that Diviſor or Root, multiplying it ſo increaſe 
or diminiſhed, with the ſaid Quotient Figure, ſetting down their Wi ben 


Product, Ec. as before. An Example in each Caſe will render i 
plain and eaſy. > 

| Example 1. Suppoſe it be required to extract the Surſolid Rog " 

out of this Number 12309502009375 _ 2 

„„ 1230950200937 5 The Reſolvend pointed, Divi 

| The neareſt Surſolid Number to 1230, the firſt Period of the "i 

Reſolvend, is 1024, whoſe Root is 4 being leſs than Juſt, Ii 

Therefore 12309502009375 | 

| — 1024 N | | No! 

TY 2069502009375 their Difference. f Fig 

Next the Cube of 400 is 64000000 per Table, Sc. An ſunt 


64000000 x 5 = 320000000 the Diviſor. . 
Then 320000000) 2069502009375 (6497 &c. 3 
Firſt Root 400 15 
+ 2 »Ilo =+ 20 
e , $00 
I Diviſor 420) 6467 \+ 15 
+20þ2x5=+30 42 "4I5 Root true 


. I 
2250 lets 1 
| 17 the Remainder to be rejected, the 
That is 415 is the Surſolid Root of the given Reſolvend. nn 
As may be eaſily tried by involving it to the fifth Power. Viz. Wi 1+ 
AI5 x 415x415 x415 x 415==12309502009375 the given Re- ad it 
ſolvend. | | 
Note, Here again the double Quotient Figure ought to be ie 
added or fubſtrafted, in the ſame Manner as the ſingle one was di- To 
rected for the Cube Root, page 131, and the Operation 775 the dur. um 
ſelid Root in theſe two Examples is performed accordingly : contra Pi. 
10 what was heretofore duns by the Author. TY J 


Exanpli 


A pet. + 4 a CENT "OR 
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* 5 | . 1 
Example 2. What is the Surſolid Root of 2327834559873 
The neareſt Surſolid Number to 232 is 243 whoſe Root is 3 
ing more than juſt. „ 
| Therefore 2430000000000 


— 232783455087 | 
Remains E For a Dividend. 


he Cube of 300 is 27000000 and 27000000 x 5 = 135000000 
Then 135000000) 102165440127 (756,7810 new Reſolvend, 


lr 
L Firſt Root 300 
—2xX2=—4 be 
ot a MT „ 
Diriſor 296) 756, 7810 \—2,566 


— 


4—2x0,5 =— 50 592 297,434 The Root on- 
Diviſor 291,0) 164,78 ly too little by 2 in 


he 1—2 x 0,06=—1,12 145,50 the loweſt Figure. 
Diviſor 289,88 ) 1 
| 6, Üĩ6L 


Now the Reaſon why this Root comes out to ſo many Places 
Figures at the firſt Operation; is becauſe the firſt Surſolid 


Number was ſo near the Reſolvend, c. As before. | 


—— N —— a —_ — 


b. 6. 7 Extract the Root of be 
Sanuare cubed, a 5 | 


HIS may be eaſily performed by two Extractions, according 


; 
as it's Name denotes. Thus, firſt extract the Square Root q 
the given Reſolvend ; then extract the Cube Root of that Square #4 
, and it will be the Root required: That is, it will be the 109 
. Noot of the ſixth Power. Or thus, firſt extract the Cube Root Als 
.be Refolvend ; then extract the Cube Root of that Cube Root, it 


lit will be the Root required. 
EXAMPLE 1. 


2 Let it be required to extract the Square cubed Root out of this 
umber 1452205 37353515625 the Reſolvend. 
Firſt I extract the Square Root of this Reſolvend, which I 
e to be the beſt and eaſieſt Way. = 
* Thus 


138 Arithmetick. Patt 1 ha 
F og es r 
1452205373535 15625 ge 
Remains 5 52205 37353515625 to be halfed, l 
| | C010» 2 8 | | even 
Then 3) * 21610268676757812,5 (381078125 perio 
8} 4102 gs 
©... hat! 
3810) 2976867 yy fu 
2 1 2667245 Ne 
38107) 3096226 exec 
* 5 348592 nden 
381078] 47634757: eſo! 
+ 1 38107805 Diffe 
23810781) 95269528 p be 
+ 2 76215622 m 
238107812) 1905390612,5 . 

4 . 
W - 
Having found the Square Root of the given Reſolvend, I pn. Wi f 
ceed to extract the Cube Root of that Square Root. 8 
That is, of 381078125 „„ I. 
8 — the neareſt Cube, it's Root is 700 Howe 
Then 700 x 3 2100) 38078125 (18161 17 
| Re bo | | erent 
. 701 
o Fi. 
. W l F 700 N 3 
1 Diviſor 72.) 18161 \ +25 | 
2 +. 25 I 44 725 Dis 
2 Diviſor 745) 3761 Jo 4 
— 7/6) Di 

(36) 
Hence I find 725 to be the Square cubed Root required; ® 

may eaſily be tried by involving it to the fixth Power, That i WW. . 
725 %.725 x 725 * 725 x 725 x 725 will be found = 14522053 Nit 
7353515725 the given Reſolvend, | - We! 


del. 


— 
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Sect, 7. To Extract be Root of be ſeventh Power. 
x T Aving pointed the given Reſolvend, as it's Index denotes, viz, 
into Periods of ſeven Figures, ſeek out ſuch a Number of the 
T-venth Power, by the T able of Powers, as comes neareſt to the firſt 
riod of the Reſolvend ; whether it be greater or leſſer, calling it's 
eſpective Root more than Juſt, or leſs than Juſt, annexing it's 
roper Number of Cyphers, Cc. as in the Cube and Surſolid. 

Then find the Difference between the given Reſolvend, and 
hat Number of the ſeventh Power (found by the Table of Powers) 
y ſubſtrating the leſſer from the greater. r 
Next find the Surſolid or fifth Power of that Root with it's an- 
hexed Cyphers (which you may alſo do by the Table of Powers) 
nd multiply that Surſolid Number with 7, the Index of the given 
tefolvend ; that Product muſt be a Diviſor, by which the foreſaid 
Difference muſt be divided, that ſo it may be depreſſed to a Square, 
o be pointed, Ac. as before in the Cube, &c, then make the firſt 
Root, without it's Cyphers, a Diviſor; working with it and the 
jew Reſolvend (as before) only here you muſt increaſe, or di- 
Miniſh the Diviſor with thrice the Quotient Figure “. 45 


Example. What is the ſecond Surſolid Root, or that of he 
venth Power, PBs 95 


6. or 3829865 53955078125 the Reſolvend pointed. 


— 2187 the neareſt of the ſeventh Power. 
10642865 5 305 5078125 their Difference. 8 
| The firſt Root is 300 being leſs than Juſt, and the fifth 
fower of 300 is 2430000000000 Which being multiplied with 

$ 17010000000000 for a Diviſor, by which the aforeſaid Dit- 
rence muſt be divided; which contracted may ſtand thus, 
or) 16428655 (9658,23 &c. IR 

Firſt Root 300 

＋ 3 * 20 = + 60 


5 ” eo ew #200 
Diviſor 360) 9658 \ +25 
0 +3 x05 LL 72 ___ 9325 Sthe true Root required. 
 Diviſor _ 435 Sn: 8 | 
21175 | lber. 


283 the Remainder to be rejected, as 


rn 


4 That is, by twice adding or ſubſtracting the triple Quotient Figure, as was done 
th the double Quotient Figure for the Root of the fifth Power, page 136; and the 
de Quotient Figure for the Cube Root Page 131. 
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Hence [I have found 325 to be the true Root required, chat iwer 
the true Root of the ſeventh Power. . f 
I think it needleſs to proceed farther; v:z. to inſert Exam ui Deſe 
of higher Powers. For if what is already done be well underſto M beco! 
it will be eaſy to conceive how to proceed in extracting the Ru will 
df any ſingle Power how high ſoever it be (for the Method tbe f 
general and alike in all Powers) due regard being had to their Il. or f11 
dices ; and to the firſt ſingle Side or Root. That is, whether bapp 
be More, or Leſs than Juſt, c. | ſtanc 
Yet methinks I hear the young Learner ſay, it is poſſible p Exce 
follow the Directions and Examples, as they are here laid down, 
but ftil] here is not the Reaſon why they are ſo, and ſo, perforn- 
ed; and why there ſhould be a Remainder left after the Root; 
2 Viz, When the giveu Reſolvend hath a true Root ef or ne 
ind. Nos 3 | 
It is true, the Reaſons of theſe are not here laid down; neither Root 
indeed can they be rendered ſo plain and intelligible by Words, Ain al 
by an Algebraick Proceſs, from whence the Theorems or Ru ertr⸗ 
here given, had their firſt Invention; as ſhall be ſhewed in the 
next Part, when I come to treat of reſolving compounded or ad- 
fected Aquations ; however, take this ſhort and general Account 
of this Method, Hy is. ho, Ca v3 | 
T bis, and all other of the new Methods of Converging Series 
(as they are called) are very different from the former (and fill" 
common) Methods of extracting Roots, which require the fit vill 
ſingle Side or Root of the firſt Period (in any Reſolvend) to be '< 
taken exactly true, and then. by involving, and other tedious an, 
Ways of ordering it, there is formed a Diviſor; which helysto Oper 
grope out by Trials a ſecond Figure in the Root. And ſo proceed Cub 
on from Point to Point; ſtill repeating the whole Work for every 
ſingle Figure that comes into the Root. And if by Chance there 
be a Miſtake or Error committed in any one Figure (as it is pol. be! 
ſible there may) it ſpoils the whole Proceſs, which muſt then be 
wholly begun anew, or at leaſt from that Part of it where the Oper 
Error firſt entered. | 
But the Nature and Deſign of the Method which I have here 
laid down is quite otherwiſe ; it being ſo contrived, as to gradually 
leſſen the Difference betwixt any propoſed Power, and the le) 
Power of another Number aſſumed ; viz. it leſſens that Difference ff co 
until it is either quite vanquiſhed, or becomes ſo infinitely, ſmall 
to be inſignificant. _ „ 3 
Therefore when any Number is propoſed to have it's Root ex- conſ 
tracted; it is here required to take the next neareſt Root of the in 


firſt Period in the Reſolvend ; that fo the Difference betyixe ns 
15 | hf 
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given Reſolvend, and the Homogeneal Power (viz. the like 
Power) of the Root thus taken, may be leſs either in Exceſs, or 


bee. Which Difference being reduced, or depreſſed lower, 
00 becomes fo prepared, that by plain Diviſion (comparatively) there 
ou will ariſe ſuch Quotient Figures as will both correct and increaſe 
ide firſt Root to three Places of Figures at leaſt, ſometimes to four, 


or five Places of Figures; according as the ſaid firſt Difference 
happens to be more or leſs (of which you may have obſerved In- 
ſtances): But yet there will be a Remainder left, and perhaps an 
Exceſs or Defect in the Root ſo increaſed, viz. in the laſt Figure 
Now to rectify the ſaid Exceſs or Defect in the Root, and to 
discover whether the given Reſolvend be a true Figurate Number, 
i Wor not: That is, whether it have a true Root of it's kind; it 

will be neceſſary to make a ſecond Operation; by taking the 
ther WW Root ſo increaſed, and proceeding with it and the given Reſolvend, 
„in all reſpects as in the firſt Work (like to the third Example of 
1; ertracting the Cube Root) I ſay, if the given Reſolvend have a 
tive Root, it will appear at this ſecond Operation, and all the 
eforeſaid Differences, &c. will be vanquiſhed ; provided the Root 
required is not to have more than three (or four) Places of Fi- 
pures in it. 

But if the Root be to have more than three Figures in it; or, 
that the given Reſolvend prove to be a Surd Number. Then there 
will be a Difference as before; which will afford Quotient Figures 
to rectify and increaſe the Root laſt taken, to three Times as 


Operation. As you may ſee in the aforeſaid Example 3. of the 
Cube Root; wherein that Root is increaſed to twelve Places of 
Figures at two Operations; which if it were to be extracted the 
Old (and ſtill Common) way, it would require at leaſt forty times 
the Number of Figures I have here uſed. . 
Again, if there chance to be a Miſtake committed in any 
Operation performed by the Method here laid down, that Miſtake 
will not deſtroy the precedent Work, but will be rectified in the 
here next Operation, although it were not diſcovered before. And 
thus you may proceed on to a third Operation, which will afford 
) Places of Figures in the Root, &c. with very little Trouble, 
it compared with former Methods. 1 | 
The brief Account, which I have here given (by Way of Ex- 
plaining the Nature of this Method of extracting Roots) being well 
conſidered and compared with the ſeveral Operations of the fore- 
ping Examples, muſt needs help the Learner to form ſuch an 
ea of it, that he cannot (I preſume) but underſtand how to 
proceed 


— — 44 — 2 


any Places of Figures, as it had at the Beginning of that ſecond 
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atten 


proceed in extracting the Root out of any ſingle Power, how kn 
ſoever it be; without the Help of an Algebraick Theorem, No. 
but when that comes to be once underſtood; the Work will be 
much readier and eaſier performed : As will appear in the next 
Part. | 8 | 
I did intend to have here inſerted the whole Buſineſs of Intereg 
and Annuities ; but finding that it would require too large a D. 
_ courſe, to ſhew the Grounds and Reaſons of the ſeveral Thz,,,,, 
uſeful therein, I have therefore reſerved that Work for the Ci 
of the next Part. Neither indeed can the raiſing of thoſe Therm 
be ſo well delivered in Words, as by an Algebraick Way 9 
arguing 3 which renders them not only much ſhorter, but 200 
plainer and eaſier to be underſtood. e 
J have alſo omitted that Rule in Ar:thmetich, uſually called the 
Rule of Poſition, or Rule of Falſe: Becauſe all ſuch Queſtions, 3 
can be anſwered by that gueſſing Rule, are much better done hy 
any one who hath but a very ſmall ſmattering of Algebra. I ſha] 
therefore conclude this Part of Numerical Arithmetick ; and proceed 
to that of Algebraick Arithmetick, wherein I would adviſe the 
young Learner not to be too haſty in paſſing from one Rule ty 
another, and then he will find it very eaſy to be attained. 


AN 


1 15 
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IJVIN formerly wrote a ſmall Tra# of Algebra, per- 
haps it may ſeem (to ſome) very improper to write again up- 
on the ſame Subject; but only (as the uſual Cuſtom is) to 
have referred my Reader to that Tract. However, be- 

auſe the following Parts of this Treatiſe are managed by an Algebraick 

Method of arguing ; which may fall into the Hands of thoſe who 

have not ſeen that Traft, or any other of that Kind; I thought it 

mnventent to accommodate the young Geometer with the firſt Elements, 

Principal Rules, by which all Operations in this Art are perform- 

d; that ſo he may not be at a Loſs as he proceeds farther on: Be- 

le, what I formerly wrote was only a Compendium of that which 

here fully handled at large. | „ 

The Principal Rules are Addition, Subſtractian, Multiplica⸗ 

lon, Diviſion, Involution, and Evolution, as in common. 

Arichmet ick but differently performed; and therefore ſome call 

t Algebꝛaick Arithmetick. Others call it Arithmetick in 

Hfecie, becauſe all the Quantities concerned in any Queſtion, re- 

main in their ſubſtituted Letters (howſoever managed by Addition, 

traction, or Multiplication, &c.) without being deſtroyed or 
banged into others, as Figures in common Arithmetick are. 


= Harriot called it Logiſtica- ®pecioſa, or Specious Com- 
Fafattion. | 
CHAP. 


icks. 
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CHAP. L-:- 
Concerning the Method of Noting down: Quantitire: 
ns "a> Tracing tir Steps, Ge. aj 


Seck. 1. Of Notation, 


T H E Method of noting down Letters for Quantities, is variou 
according to every one's Fancy; but T ſhall here follow the 
ſame as in my former Tract, and repreſent the Quantity ſought 
(be it Line or Number, &c.) by the ſmall (a,) and if mon 
| Quantities than one are ſought, by the other ſmall Voyel, 
e. u. or y. „ 

The given Quantities are repreſented by the ſmall Conſonantz, 
i. c. d. F. g. &c. . 

And for Diſtinction fake, mark the Points or ends of lines 
in all Schemes, with the capital or great Letters, viz. A. B. 
. | 85 7 „ 
When any Quantity (either given or ſought) is taken more than 
once, you muſt prefix it's Number to it; as 3a ftands for a taken 
three times, or three times a, and 7b ſtands for ſeven times b, &. 
All Numbers thus prefixt to any Quantity, are called Cocfi- 
cients or Fellow-FaQtors ; becauſe they multiply the Quantity; 
and if any Quantity be without a Coefficient, it is always ſup- 
poſed or underſtood to have an Unit prefixed to it; as à is 10 

or b is 1b, c. 3 . 
Tue Signs by which Quantities are chiefly managed are tle 
ſame, and have the ſame Signification, with thoſe in the fir 
Part, page 5. which I here preſume the Reader to be very wel 
acquainted with. To them muſt be here added theſe three more; 


G.) Involution. 8 | 
Viz. 5 uv p the Sign of Evolution, or extracting Roots. 
7. J IIIłrationality, or Sign of a Surd Root. 
All Quantities that are expreſſed by Numbers only fas in Vl. 
gar Arithmetick) are called Abſolute Numbers. 
Thoſe Quantities that are repreſented by ſingle Letters, as 
4. b. c. d. &c. or by ſeveral Letters that are immediately joined 
together; as ab. cd. or bd. &c. are called Simple or Single whole 
Quantities, - PTL 3 18519 
But when different Quantities repreſented by different or un- 
like Letters, are connected together by the Signs (+ or —); ® 
a+b, a—b, or ab — dc, &c. they are called Compound whole 
Quantities = : CIT * 


a a+ 


| | uli 
ractions, Thus 7 * or 7 0 


Yr - : 
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ofa 45. 7141755 3 x 4 679 91 Hats 5. Aas Je r 
. Met. 2. Of tracing the Steps uſed in bringing 
7 | | 


Vuantities to an Equations |= ©! .- 


55 Ae „ Siem! 18800 
% HE Method of tracing the Steps, uſed in bringing the Quan - 


tities concerned in any Queſtion to an Equation, is beſt pex- 
med by regiſtering the ſeveral Operations with Figures and Signs 
ced in the Margin of the Work, according as the ſeveral Opera 
ons require; being very uſeful in long and. tedious Operations. 
For Inſtance: If it be required to ſet down, and regiſter the 
m of the two Quantities, 4 and b, the Work will-ftand, 4 
bur] Firſt ſet down the propoſed Quantities, à and , 
[2 over-againſt the Figures 1, 2, in the ſmall Co- 
— lumn, (which are here called Steps) and againſt 3 
+2134 b (the third Step) ſet down their Sum, viz. 4 ＋ 6. 
ben againſt that third Step, ſet down 1 + 2 in the Margin; 


> 


by lich denotes that the Quantities againſt the firſt and ſecond Steps 
ole e added together, and that thoſe in the third Step are their Sum. 


To illuſtrate this in Numbers, ſuppoſe 4=9 and b=6, 
M STII OR es 7588 
hus IIa = 4 

0 => 


UETETESES 


ing the dum of 9 and 6, 


Again, 


Thus 


, K — — 
— fs — Rong — <A 20s. $a Scott, 2 


Then it will be, 


= 


5 fer if the Rectangle or P rodae? of thoſe Quantities they repreſent 
22 ind b= = 6. Sc. 


N remaining will be equal. 


wel Pr Products will be equal. 


with Sub/ftrafion; and in Subſtractian, before he undertil 


| another, | 


:- Appin Tf” 10 Were required to ſet down the DE | 
fame two Quantities 3 then it TO be, * 


Or Ft it * if to ſet Jon their ble. 


1 3 the Prod, og in 6. 
| "On | 


Fi Lois ſet or ont: dena) 3 ( lite a Wm 


as in the laft er war 4 by 54 7s whe e of a= 


Artoms: 


1. If equal Quantities 10 added to equal Quantities the Sur 
6f theſe 3 will be equal. 
2. If equal Quantities be when from equal Quantitls, | 


equal Quantities be Es: ha with equal Quantiti 


4. If equal Quantities be divided by equal Quantities a 
Quotients * be equal. 
F. Thoſe Quantities, that an equal to one and the fan 
Thing, are equal to one another. 
Now, 1 ee the Learner to get theſe fue Aviom perfeth Ca. 
cart. ubſtra 
din thi 
- Theſe Things lieg premiſed, od; a perfect Knowledge oft MP 
Signs and their Significations being gained, the young ger 
may proceed to the following Rules. But firſt I muſt make dq 
to adviſe him here (as I have formerly done) that he be very ta 
in one Rule before he undertakes the next. . 
That is, He ſhould be expert in Addition, before he medd 


Multiplication, &c. becauſe have a Dependency one uf 


CHA 


cHA P. II. 


as ig the Sit Principal Rules, of aber 
rde Trithmetick, of whole Quantities. 


Sect. 1. Addition of whole N 


A D D 72 7 0 N of whole - Quantities admits of three 
Caſes. | 

Caſe 1. If the Quantities are like, and have like Signs; add 
the Co · Efficients or prefixt Numbers together, and to their 20 . 
* the Nr with the young: 1 79 


Exam. L Brem 2. dan 3. Exam. 4. 
1 a | | —76c 
21 4 CE —8 6 


25 


The Reaſon of theſe Additions is evident from the Wark of Common 
ithmetick. For Juppoſe a, to repreſent one Crown, to which if 
ud one Crown, the Sum will be two Crowns, or Za. as in Exam, I. 
Or if we ſuppoſe —a, to repreſent the Want or Debt of ane Crown, 
which F another Want or Debt of one Crown be added, the Sum 
uſt needs be the Want or Debt of two Crowns, or — za; asin 
xample 2. And ſo for all the reftl, 

Caſe 2, If the Quantities are alike, and have unlike Signs; 
ubſtrat the Co-efficients, from each other, and to their Difference 


in the Quantities WY the Sign of the er 12 
| Exam. 8.]/ 


* 


Prom 
74-5 — 8ab—7 +15 
—54 +78 124 5 a 
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"Th Reaſn of he Dae in this Caſe may be eaſi 5 undoſai 
by any one that duly confiders the comparing of Stock and Debts ty, 
ther,,. er the Ballancing of Accounts. betwixt Debtor and Crd 
That ir, the Affirmative Quantities repreſent the Stock er Cradim: 
The Negative + ee ties repreſent the Debtsʒ and their Sum 22 
ſents the Ballance, &c. 

Caſe. 3. When the Quantities are unlike, ſet them all donn, 
without altering their Signs; and thence will ariſe compoun] 
yo pa which can be no otherwiſe added but by their Signs, if 


1 65 % 5 
x 1 ＋ 2 EN r f 
Here follow a few Examples wherein al the 3 Caſes are ids 
miſcuouſly concerned. r Ar 
* 1 bb Babibe— — 
„ 
ab 5 — 
e gbc 7-4 
+ 4ab + d — be — ab ＋ d 
142 15 — Te 
IT Fa +b— 4 | 
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[1]. en bb 4- =_ > 
2] 255 — 3aa — 2ab(—25 
3— 

4 


. 

— L 
* 

— 


11 


; ad + 2ad = abc}. | { 
| E 5 


* *., 
- a 


BY 
- 7 * 1 
«4 £6 C6 is 8 & ww As * <4 1 


Seck. 5 Subthnctun o a whole Quantities 
F UBSTRACTI 0 N a . whole Quantities is > 


* | 


one general Rule, 150 


„„ 


* * 
. eee 2 L [LE 3 3 —— 


W all the Signs of the Sulftrabend, (viz. of t 750% 2 THE 
which are to be ſubſtracted] or ſuppoſe them in your Mind tob 


1 


u then add all the h as one in A 


pros 


db 


ap, . Subſtraction-of Quantities, Oy 149 


This general Rule is deduced from theſe evident Truths., 
To ſubſttact an Affirmative Quantity, from an Affirmative, is 
te ſame as to add a Negative Quantity to an Affirmative : that 
+ 24 taken from ＋ 3a, is the ſame with — 29 added to þ 34. 
onſequently, to ſubſtract a Negative Quantity from an Affir- 
ative, will be the ſame as to add an Affirmative Quantity to an 
firmative: that is — 24 taken from 4- 3@ will be the ſame with 
e — — ou 


Exam. I. Exam. 2. Exam. 3. Exam. 4. 
— 22 ñ 8 [ — 15e 
— — Sb 


—2|3 


| e es [ 5b | 76c 
Exam. 5 Exam. 6.]Exam, 7. - 

1154 + 126154 — 12bjgab ＋ 36 ne het «| 
: 224 + 7 * — 7 Jab 4+- 24. 1 | Ce ere 
— ET 


| > 


Exam. 8.|Exam. 9. Exam. 10. Exam. 11. 
. . 22 


2 


e | —9ebd 


ND m4 


— ö 
: _—_— i. tte 


xam. 1 * 

II 24 ＋ 2 '4ab —=g 

2] — 5a + 7b— 84b — 7be + 15 
A - 124 + 7bc—24_ 


If theſe 13 Examples be compared with thoſe in Addition, the 
Vork will appear very evident, theſe being only the Converſe or 
roof of thoſe; according to the Nature of Addition and Sub- 
ractian in common Arithmetick. 1 20 | 


More E vamples in Subhſtraction. 


1% + Þ5he + 3da8a ＋ 504 + 25 
2a — 5e — 444% — 3bd — 12 


—— — ——ẽ— — — 


eee 


. 


x 
i 
ö 


nde 73 9/12 ee e e 
| 1 19 — 
1— 


750 


ME FISTING Jl —2a 2 + 4b/ 


J a rnd eo ro bo. wg 
5; 6-19 fl oP 1 Tae 
1—1 1 ict nnd D ESTES, 


Let 1 a +b=2- RG 

And 2] a—b=x- be A. eee 
2 +b|3| a=x+6b * | 
1— 34] 6 ==z—x—b.. per Axiom 2. 
4+blsI2 =2z—x which was gp be proveſe__ 


der, as in Common Anme. 


1 

2 — 
1—2 34422 —3b + 6da—gbc Remainder, _ 
E 


That a — 5 taken from a oh þ leaves + 2 b for the Remainde,] 
as in the firſt of theſe I may de thus proved: 


The Truth of all Operations! in dad eaetin, where any 7 Dow 
ariſes, may be proved, by adding the * to the * 


EXAMPLE. 


+541. it _ 8 
— © 1. —6da 7} Subftrahend, 


. + 


Take 


+509 of — — 


OY 


Seck. 3. ' Bultiplication of whole Ditantities, 


AM. fin Cas of whole po admits 
of three Caſts; =: 5:5! 


Caſe I. When the Quantities * Ake Signs, 1 no Cock 
cients, ' ſet or join them together, and robe i the Sign -þ before 
them ; and that will de their Product. 


Exam. 1. Exam. 2. | Exam, 3. Exam. 4. 


1 a w—_ 1 2 AM 8 
rh „„ 178 


I x2 31 ab _ + 7 oa | ad bd 44-4, 4 6d 


. Lab 2. If there be Coefficients; multiply them, and to the 
producer n the — ſot together as before. 7 


— 


— 


. 2. Multiplication of Duantities, 157 


"_ 


1 5/7 


bs 1 41 52 LO => * 34 ＋ 21 y E +6 : a, 


e 2. 8 A \ 
5, yt—_ 2 I r 2 to i 
— Sad 8 


e IRS 


12 131 15ab | +42d4b|18a+123|5ab F5bs 
mI Caſe 3. When the Quantities have unlike Signs; join them g 


and che Product of their CotlMeients together (as before) but pre- 


x 


ke | 15 233 1 A 2a 11 A140 „ on 8 5 v 

1 Exam. 9. Exam. 10. Exam. I, [Exam. 12. 

Thus) |] 4 {=O | ba==5s. hems; 
[2] —» [4221 HH 1-3 n3f%» 43 © 


1x2 [3 =ar T=ar TA off =12 af + ardf 
mM 8 rod Hott ve e ST, bak 


That is, + into +, or — into —, gives Lin 5 
But Tims —, or — into , Ares 2 in che Product. 
That + into + will produce in the Product is evident from 
Multipbcation in Common Arithmtick + viz. I 5 into + 7 will 
give + 35 Ce. But that ＋ into —, or — into + ſhould pro- 
duce the Sign —, as in the four laſt Examples: And that — in- 
to — ſhould produce the Sign I, as in the ſecond, fourth, and 
ſixth Examples, may perhaps ſeem ſomewhat hard to be con- 
cived ; and requires a Demonſtration, 5 


Firſt to prove that — 7 h into þ 3f=— 21 bf. As in Ex. II. 
Suppoſe 144 -/ o  _ 
Then will] 2] 4a =74 per Axiom 1. 
But 3 + 3/=+3f. ä 
2K* 3141122 = 21 57 per Axiom 3. 
(—21bfl5|12af—21 bf=o per Axiom 2. 


tly + iato —, or — into + produces —, which was 
the Thing to be proved. ; os | 


nits 


T1 


fore 


Secondly to prove that — 7 b into — 3 F gives + 21 bf as in 
Example 11. 8 0 | | 
Let 11442 —- 7b O N 
Then + 72 Fas before, 
age. - 
the 2x 3is | 4|—12af=—21 bf by what is proved above. 
4 21bflSI—12af+21bf;=0. per Axiom 1. 
Conſequently — into = gives . which was to be proved, 


heit 
h 


Ot 


— 207 eee eee Par 


— 


Or . ma e proved by Numbers 


8 — 1 = 2 or 
Thus, e we 1; — and % 0 I 2} $0 ha Nuts 


14 0 


Then DEE * per kim. L 


* 


l 31 Ad 
Ra © Conſequently, — * 7 ns Pi 75 * 2 8 or kim, 3 by 


a= a—bxc= d, e a to the precedent Aae will bs 
ac—cb +834— -da, which if true muſt be equal to 24. 


9 * hy 


) 4 


Caſe 


188 thoſe 

wy == 20x I2 = 240 | 14 * 14 = 168 pubs 

ee . 44 8 x 20= 160 775 
| — Ir 


Hence acÞbd= N Wor 73 — MO) 
And cb+da= 328 hich being fubliraCted, 


Leaves ac Ude = 352 e which Plainh 
_ thews, 
PT 1 into — produces — 

2 F. 9. 


: 1 If the is Muttiplict confilts of ſeveral Terms, 9 every 
one of thoſe Terms muſt be multiplied into all the Terms of the 
Multiplicand; and the Sum of thoſe particular er, will be 
the 2 required, as in Common Arithmetick.' 


hus | 


Me AR EXAMPLES. 
1 2 42 —5 VIP wet 
Ixa|3|aabba—da rer | 
1X54] —ba—bb+db| —35bf—25df _ 
3+4 N . 2154 +15d4a— 35 7-254 


a +b 342 — 42 
aaa—abb . — . — BEL 


al | fd 6bÄ 
122 


11 4442444 & 7 SE=Ee IV | 
. a+b. | 
aaa+2aa+4a Tae —baaFbba 
—̃244—442— +bae—bba+bbb_ 
I x 2YJaaa—8 ef A E 


— 


8 digs -* ns 
— — ne nn nn ne 
cel. 


, 


2 TR. WA 


lap, 2. Diviſion of Quantities, = "Ix 


dt 


* e * 


=> f 


Sect. 4. Diviſion of whol: Quantities, 


7 ſvi un of Species, is the converſe or direct contrary to that of 
Multiplication, and conſequently is performed by converſe 
Jperations, (as in common Arithmetick) and admits of four Caſes. 
Caſe 1. When the Quantities in the Dividend, have like Signs 
\ thoſe in the Diviſor, and no Co-efficients in either; caſt off or 
zunge all the Quantities in the Dividend, that are like thoſe in 
e Dviſor; and ſet down the other Quantities with the Sign + 


> = 


1 * 


r the Quotient required. 


(111 ab |—ab la ANT ed —dd 
52 b |— b | 4 / = 2 bs 


—— 


ly 


. 


Caſe 2. When the Quantities in the Dividend have unlike Signs 
thoſe in the Diviſor; then ſet down the Quotient Quantities 
und as before, with the Sign — before them. 1 


rene eee if, 
N hu 2 3 4 * h N e 9" = 
K 


2 3 — 4 —4 —a—d—f 


Caſe 3. If the Quantities in the Dividend and Diviſor, have 
-efficients ; divide the Numbers (as in common Arithmetick) 
d to their Quotients adjoin the Quotient Quantities, 5 
bs 1115 25] 42db|12af—21bf 


2 31 $a — 04 4 7 


Nate, When the Quantities and Co-efficients in the Diviſor and 

"dend are all the ſame, the Quotient will be an Unit, or 1. 
Ijabj gbc|nab+5bc Bab+4d 

af 245—91ʃ [742145 —8ab—4d 

VVV. i 


_ 


Coſe 4. When the Quantities in the Diviſor cannot be exactly 
nd in the Dividend; then ſet them both down like a Vulgar 
action, as in common Arithmetick, 


g. | 1 | Thus y 


"4 
2 q * * — * E92 — dra elec 2 Ne 
9 ä 8 — 


"PPP 


—_ a 657 571722 
Tim? 2 7 34 [5d+7b|4qabe_ 
I EE 5444424 
13 4211 
N. B. In Diviſion one thing muſt be very carefully obſeng iſ © 
v/z. that like Signs give ＋ and unlike Signs give — in the 6-7 
tient ; which needs no other Proof than that already laid dn 9.4 


the laſt Section, if duly compared with what hath been aid c 
— Multiplication and Divijion, in Vulgar Arithmetich, 


Examples of Diviſion at large. 


14 S eee | 

FFC 5 i 
2x3413| 21ba-+15da LE 0 
13 [47 0 — 55 
* — — 2 
45 19. on Th 
2. +2 III 5f the QuotientcolleAtedf from the 3, and 5, _ 

Or Divi on of Quantities may ſtand as Numbers in comme 

Arithmetick do; thus If 


SEAN 64444 — 96 (2 44 ＋ 810 
Ga aaa - 12444 
oO + 12 444 — 00 
WH. 12444 — 24 a4 


O + 24 4 — 99 


+ 2424 —48a 
Q * 2 In 
+ i=» 


That is, 5 aaa — 00 = 34 — b gives 2aaa + 4aa-þ81 
16 for the Quotient, as may eaſily be proved by 1futtiplicatin 


viz. Za +444 +8a+16 x 3a— 6 will produce 6a*—y 
and ſo for the reſt. 


Sect. 5. zubolution of whole Quantities. 
INvolution is the raiſing or producing of Powers, from any pl 


paſed Root, and is performed in all reſpects like Multiplicat 
fave only in this; Multiplication admits of any different Fact 


but Involution ſtill retains the ſame. 
EXAMPLE 


Jap. 2. Involution of Quantities, 


nt l 


EXAMPLES. 


114 — 4 1 the Root, or ſingle Power. 

| — CC — — — —— — 
od 6? 2422 aa Square, or ſecond Power. 
Qui 6* | 3 | 444_: | —=444 Cube, or third Power, ”. 
"n io 9+ {4 | 22424_ | --aa0e | Biquadrat, or fourth Power. 
E &.' 5 a 42 444 — 44444 1 Surſolid, or fifth Power, Se. 


Note, The Figures laced 3 in the Margin, aſter the Sign (G.) 
f Involution, ſhew to what Height the Root is involved; and 
ire called Indices of the Power; and are uſually placed over the 
nvolved Quantities, in order to contract the Work, eſpecially 
when the Powers are any ring high. 


4. en 0068 
Ja? 44 1 2. 2444444 
den 1 „ Ny 4a b* ae n 
| Lat =aaaa La b? d* =aaabbbadd 


n 
J If the Quantities have Co-ifficients, the Co-efficients muſt be 


avolved along with the Quantities, as in theſe, 


hus |1 | 22 |—3ea 1 5be ; 
>*]2] 424 | +9gase 25 lee 

1653824 4 — 27 aaa 125 bc 
18,4164 s [[＋ 814444 625 b + 

18. 5 3224444 |— 2434 J3125 4 Kc. 


Involution of Compound Quantities is performed in the * 
manner, due regard 3 to their Signs and Co-efficients, if 
here be any. As for inſtance, ſuppoſe a + b were given to be 

Involved to the fifth Power. 


Thus j 1 1 a + 5 called a 8 Root 


72 i 
©, 


. | ab ; 
Ixa[21aapab. 
115131 + ab +bb 
16* | 4 7 the Square of a + þ 
a+b | 


4 xa 5|a0aFaaab abs | | 
4* 36 + aabþ+2abb4bbb 1 71 
18³ 7 eee, "the Cube of #7 


all 


(to 


X 2 | aaa 


156 An. Pal 
9 aaa+3aab+3abb+8bb "© oY TP 
Wy | 3 | g 8d, 
Txn| 8 a® +39 b+3aabtb+ "7 7 7 3. 
ixbl gl . 'b+3aabb+3abbb +6 in Alt 
1@* [10]a* +44? b+baabb+4abb0+bt the C 
4a ＋ 3 4. 
10 „ 4 11 a +44* b +60? FA aaa kan” ſingle 
"2 * 12 a b＋ 44 bb + baab* att yh Eh 
1G | 13] a +5 alta S TO +5 1 em 
| Sas highe 
$1.4," OCs | Tl 
: once 
Again, Let a—b, called a Reſidual Root, be given, zinot 
„„ 70 
15 TER: Root 
T* 212 13 ne 

1x—b| 3 —ab +36 
— 44 the Square of a —b Vi 

| a —5 

4K 42 F | | Ar 
4 x —5 — aabj2abb —bbb ere 


| a—b Bi 
7 xa E 4937 7 aan pY 
Tx —b /— aaab + Jaabb — 3Zabbb + bt * 


5 
6 ++ 
1 . 7 | aaa—3aab4-3abb—bbb, ues oof 
8 
9 
O 


18.104444 — 4a 4b + baabb — 4abbb + bb 
| a —5 
IOxajll|a” 5 
10 * —b|]12] — afb+4ga3bb—baab þ4ab* b 
I& | 13 oF —50*} 4-100 bb—1oaat ga 
| &c. 


— 


By comparing theſe two Examples together, you may malt 
the following Obſervations. 

I. That the Powers raiſed from a Reſidual Root (viz. the Di 
ference of two Quantities) are the ſame with their like Powe! 
raiſed from a Binomial Root (or the Sum of two Quantities) ſave 
only in their Signs; viz. the Binomial Powers have the Sign 
to every Term, but the Reſidual Powers have the Signs + 6 
— interchangeably to every other Term. 

2. The Indices of the Powers of the leading Quantity ( (a) © 


| a decreaſe | in Arithmetical Progreſſion; viz. in the gat 


yon 


Chap. 2. Inbolutian of Quantities, 157 


tis 4%, 4: In the Cube @aa, aa, a: In the Biquadrat aaa a, 
aad, 4d, 4, &c. 8 ; 7 
The Indices of the other Quantity 5 do continually increaſe 
in Arithmetical Progreſſion ; viz. In the Square it is b, 5 5 In 
the Cube b, $5, 665: In the Biquadrat b, 55, 5 5b, 66586, &c. 
4. The firſt and laſt Terms, are always pure Powers of the 
ſingle Quantities, and are both of the ſame Height. 
5. The Sum of the Indices of any two Letters joined together 
in the intermediate Terms, are always equal to the Index of the 


higheſt Power, viz, of the firſt or laſt Term. 


Theſe Obſervations being duly conſidered, it will be eaſy to 
onceive how the Terms of any propoſed Power raiſed from a 
Binomial or Reſidual Root muſt. ſtand, without their. Unciæ or 

umeral Figures. 5 5 

For Inſtance, ſuppoſe it were required to raiſe the Binomial 
Root ab to the ſeventh Power; then the Terms of that Power 
ill ſtand without their Unciæ in this Order. 7 


Viz, a” Ta TCA Þ*+a+b3 +a3b*þa*b* þab* +87, 


And becauſe the Uncia (not only of any ſingle Letter, but alſo) 
f every ſingle Power, how high ſoever it be, is an Unit or x 
which neither multiplies nor divides) and all the Powers of any 
Binomial or Reſidual Root are naturally raiſed by multiplying of 
he precedent Power into it's original Root, which is done by on- 
joining each Letter in the Root to the precedent Power, with 
's Unciz, and then removing the ſaid Power, when it is ſo 
vined to the ſecond Letter, one place forward (either to the left 
vr right Hand) it muſt needs follow, _ 

That the Unciz of the ſecond Terms (in any ſuch Power) will 
aways be the Sum of ſo many Units added together more one, 
as there have been Multiplications of the firſt Root; which will 
always be determined by the Index of the firſt Term. in the 
Power. Sp | | 

And becauſe the Unciæ of all the intermediate Terms, are 
only removed along with their Letters, it alſp follows; that if 
hey are added together, their reſpective Sums will produce the 
rve Unciz of the intermediate Terths in the new raiſed Power. 


As doth plainly appear from the following Numbers ſo removed 


ithout their Letters; which both ſhews and demonſtrates an 
aly Way of producing the Unciæ of any ordinary Power (viz. 
one not very high) raiſed from either a Binomial or Reſidual 


Root, 


Thus 


| | 4 — — — | | R. 0 
158 EE ene — LIN Patt ll. 


Add * * 1 ' The two Unciæ of the Root. 


I 
1 it wi 
n Tee Unciz of the Square. 
Add e * 
Add {* CN: 3 « Fax 9 The Unciz ofthe Cite Ent 
= : I . . „ | 
Li > 0.: 4> 2:10 Unciz of the fourth Power, T 
add J 12 4.0: NS I 
Add I Bw # nay 8 Unciz of the fifth Powe, 2 2 
| 1 5. IO. : Wy | n 
16/3: 64; 25:5 $0 588: + 29 Uncizof the 6thPons Va. 
Add 43nd A 0:15 9 E 
E $59 400-5 $9435 At «7 1 Unciæ of 7thPoy, If 
And ſo on in this manner ad infinitum. nun 
that 
Now if theſe Numbers are prefixed to the aforeſaid Low al  7er? 
the Terms will be compleated with their reſpective Unciz, and 1 
will ſtand thus; Poy 
ever 
a "+10*$4-210% ag g50 Pare rat 
But that the Buſineſs of finding theſe Unciz, may be rendered 1 
yet more eaſy for Practice, it will be convenient to conſider what] +; 
Series or Progreſſion, the Unciz of each I'erm do make from the : 
aforeſaid additions, 100 
© SC ESC os 2 
2.38 SE EE SE SE „E 
8 41 * 5 = 3 
8 8 Se 2808885 8 8 * 
82 35 23832855 2 
S | a8 [e=[aSlaegplaegylaeSIESGC 
e EA E EES | 2 
2 . . I e. . Vel of the fingle Quantities 
rl. 21A] <1. |. - ar of the Square, 1 
5 1 8 if 3. "3 I: ; . . Unciæ of the Cube. 
* »0 » 3 5 6 ll i 12 * : Unciz of the 4th Power, wh 
ax 5} 511 | . und of the 5th Power, Te 
2 6 15 2015 6 | 1 | Vnciz of the 6th Power. 
e 35 35 FT) — PER e nc dards &c. 
The Unciæ of the firſt Term are only a Series of Units, who Wi wh 
Sum is every where the Unciæ of the ſecond Term. The Uncie 
of the ſecond Term, are a Series of Numbers in Arithmetick Pro- * 
greſſion, whoſe Sum is every where the Unciæ of the next da- : 


perior Power in the third Term, and may be found by — 
tio 


I ap 2. "Involution of Duantities 159 


tion 1. ton 1. Chap. 6 6. * 1. For Inſtance, in the ſeventh Power 
ET 


it will be A 8212 the Unica of the third Term. 


1 


The reſt of the Unciz are i compounded Series, whoſe re- | 
ſpective Sums may be obtained from * Unciæ of their 1G 


dent Terms. | 
Wer. Thus _ = 35: Then ED = 35- Again 2 *. 3 
ve z 21. u = 7 &c, 
Ver From hence may be ded uced this general Rule. 


RULE. 


op, If the Index of the firſt Letter of any Term be multiplied into it's 
aun Uncia, and that Product be Avid by the Number of Terms to 


that Place ; the Quotient will be the Unc of the next Succeeding 
Term forward. 


That is, by the help of thoſe Indices that belong to the ſeveral 
Powers of the firſt or leading Letter only (as @) _ true Unciæ of : 
every Term may be . underſtood. 


EXAMPLE 2. 

Let it be required to compleat all the Terms of the aforeſaid 
ſeveral Powers, viz, a + a® b + 2 b* ＋ 4455 +4? FP a” 55 
+46b* +4”, with their proper Uncize. 

1. The Index of a” the firſt Term will be the Uncia of the 
ſecond Term. Thus a + 7 a5 5. 


2. Then half the ſecond Term's Index into it's Untis, VIZ, 
15 — 27 will be the third Term's Uncia. Thus @” ＋74⁵⁵ 
＋21 a? 5 will be the three ach Terms, 
LS, = = 35 is the Uncia of the fourth Term, 


whence a7 +7 4 r 21 45 8+ 35 a* 55 wil be the four firſt 


Terms. 
4. And — = = 35 will be the Uncia of the fifth Tem,” 


whence a? + 5 a 5 ＋35 a* b? + 35 a* b* will be 
the five firſt Terms. 

And fo proceed till all the Terms are compleated with their re- 
ſpective Unciæ; which will ſtand, thus a” + 745 b-þ 214555 


+35 4 5 ＋ 35 a? 54. 2165 # V 
Now 


3. Again 2 


ole 
CZ 
[0 
u- 
t- 
00 


I wy = RY 


93 


Now here it may be further obſerved, that the Unciz do on 
increaſe until the Indices of the two Letters become equal a 
change Places; and then the reſt of the Unciæ will return 8 11 
decreaſe in the ſame order. That is, wherever the Indices of y 7 ” 
Letters are alike, there the Unciz will be alike, 

And therefore one needs to find the Unciz (as before) but tg 
half the Number of Terms in any Power. 
If what hath been ſaid, and the Work of the Example be wel 
underſtood, I preſume it will be found very eaſy to raiſe an 
Power from a Binomial or Reſidual Root, to what Height yg 
pleaſe; without the Trouble of a continued Involution; ar 
without the Help of ſuch a Table of Powers as is propoſed by 
Mr Ougbtred in his Key to the Mathematicłs, Page 40, and ſince 
by others. 8 > | 
Now from theſe Conſiderations it was, that I propoſed this Me. 
thod of raiſing Powers in my Compendium of Algebra, Page 57, 
as wholly New (viz. ſo much of it as was there uſeful) having 
then (I profeſs) neither ſeen the Way of doing it, nor ſo much x 
heard of it's being done. But ſince the writing of that Trad, ! 
find in Dr Wallis's Hiftory of Algebra, Page 319 and 331, that 
the Learned Sir Iſaac Newton had diſcovered it long before: which 
the Doctor ſets down in this manner. 
Let m be the Exponent of the Power. 
Then 1 . je Send * 7 &e 
Will be the Series of the Unciæ required; but he doth not tel 
us how they firſt came to be found out, nor have J ever met vid 
the leaſt Hint of it in any Author. 


Sect, 6. Evolution of whole Quantities. 


 TiVilution is the extracting of Roots from any given Power, 

That is, it is the Converſe Work to that of Involution, and 
in ſingle Quantities it is eaſy, if the given Power have ſuch 

Root as is required, which may be thus known. | 

If the given Power have no Numbers prefixed to it, and its 
Index can be divided by the Index of the Root required, the Quo- 
tient will be the Index of the Root ſought. Thus, if the Cube 
Root of 4 44 4a u, viz, 46 were required (the Index of ti 


Cube is 3) then 3) 6 (2. That is, a = a* the Root required, 
And ſuch Operations are uſually ſet down - Tho 


_ 


— | a 8 8 — — . eee ee ION — 
tz. Evolution of Quantities 161 
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oh Thus | 1 | 46 25 56 [a 56 45 
\ oi e 2 7 | 7 eee, 
ft 1w' | 3 Cl 8 $a 

zw 4 a | eb | abd 
ut u py Wea eee e 

Mie, The Figures placed in the Margin after the Sign (uu) of 
we olution, denote the Index of the Root to be extracted. 
it the given Powers have Co-efficients: (viz. Nymbers pre- 
Ja ted to them ;) then you muſt extract their reſpectiv Roots, as 
* 1 Vulgar Arithmetick, | mM”, a 
Ince Thus | 1 | _8r a* | 1296 48 b8 20736 a* 34 4 oy 
Me.“ 2 9. | 36744 | 144d be 
% 1 [3] 3a 62 [124 
ring Br 2 14] 3a | G6at#* | n2abc- 


But if the Root required cannot be truly extracted out of both 
he Co-efficients and Indices of the given Power; then it is a 
urd; and muſt have the Sign of the Root required prefixed to it; 


Thus 1 of j G7 at j 216bbbddd 


„„ 7G | 216334400 
Wal ae | 6372 © 


Evolution of compound Quantities ar Powers, is a little more 
oubleſome than that of Single Powers; and would require a great 
any Words to explain the manner and Reaſon of forming the 
veral Canons, that are commonly uſed in extracting the Roots 
f compound Quantities ; eſpecially if the Powers be very high, &c. 
ſhall therefore for Brevity's ſake omit them, and inſtead thereof 
ropoſe an eaſy Method of diſcovering the Roots of all compound 
owers in general. And in order to that, it will be neceſſary to 

remiſe ; that if either the Sum or Difference of ſeveral Quantities 
involved to any Power, there will ariſe ſo many ſingle Powers 
the ſame height, as there are different Quantities. : 
As for inſtance, if a +b+4 be ſquared, that is, be involved 
the ſecond Power, it will be aa-þ-2ab+2ad+bb+2bd+dd, 
re you have aa, bb, and dd. Again, if a +6 +d were cubed, 
z. involved to the third Power, then you will have aaa, bbb, 


ad, in it, &c „ 


* 


A 


* Whence 
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quired: which if they have, extract it as before. 


whoſe ſingle Roots are 5, c, d, wherefore I ſuppoſe the Rod 
ſought to be þ-þ+c +4, or rather 5 6 — d, becauſe in the 


it is — 4; then b+c—4, being ſquared, produces bb 26; 


eo DTT” 
N 


244 BBA. Here are but two ſingle Powers, viz. 4. and 


4444 0 10844 ＋ 81. Here the two ſingle Powers are 35 


ſequently baa+9 is the true Root required. 
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Whence it follows that in extracting the Roots of all compound 


Quantities, there muſt be conſidered, Bu 
1. How many different Letters (or Quantities) there are in the N rob 
given Power. 1 3 den 
2. Whether the ſingle Powers of each of thoſe Letters be d = 
an equal Height, and have in them ſuch a ſingle Root as is f. hve 


3. Connect thoſe ſingle Roots together with the Sign -+, aryl 
involve them to the ſame Height with the given Power; thi 
being done, compare the new raifed Power with the given Power; 
and if they are alike in all their reſpective Terms, then you haue 
the Root required; or if they differ only in their Signs, the Rot 
may be eaſily corrected with the Sign — as occaſion requires. 

Example 1. Let it be required to extract the Square Root of 
cc＋ 2c —=2cd +bb—2bd+44. In this Compound 
Square, there are three diſtin&t Powers, viz. bb, cc, dy, 


given Power there is — 2 cd, and — 25 d, therefore I conclude 


—2b1+cc—2cd+4dd, which I find to be the fame in al 
it's Terms with the given Power, although they ſtand in a df. 
ferent Poſition ; conſequently b-c—4 is the true Root required, 

Example 2. It is required to extract the Square Root of 5 


za, whoſe Square Roots are aa, and 55. And becauſe in the given 
Power there is — 24 455, therefore J conclude it muſt either Rf 
aa—bborbb—aa, Both which, being involved, will produce 
a* — 2aabb-+b*; conſequently the Root ſought may either be 
aa—bb, or bb —a a according to the Nature or Deſign of the 
Queſtion from whence the given Power was produced. 
Example 3. Let it be required to extract the Square Root of 30 


4 4a a, and 81, whoſe Roots are ba a and 9. And becauſe the 
Signs are all + therefore I ſuppoſe the Root to be 6 a @ o, tht 
which being involved doth produce 36 a® + 108 aa +81 ; cot 


Example 4. Suppoſe it were required to extract the Cube Root 
of 125 4 4 4 ＋ 300 4 4 — 450 4 4 ＋ 250 4 e — 7200! 
+ (4e e ＋ 540 4 — 288 ＋ 432 216, In this Exampt 
there are three diſtinct Powers, viz. 125 a a a, 64 ee e, and — lb. 
And the Cube Root of 125 4 4 à is 5a; of 64eze is 4030 
— 216 is — 6. Wherefore I ſuppoſe the Root ſought to be 59 
+466, which being involved to the third Power, does ns 


% 


28 
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N Chap. 3. Y 
cc the fame with the given Power; conſequently 5 2 4-6 
und the Cube Root required. | 
But if the new Power, raiſed from the ſuppoſed Root (being 

the WM;-volved to it's due Height) ſhould ndt prove the ſame with the 

given Power, viz. if it hath either more or fewer Terms in it, &c. 
e of then you may conclude the given Power to be a Surd, which muſt 
ö. bzve it's proper Sign prefixed to it, and cannot be otherwiſe ex- 
preſſed, until it come to be envolved in Numbers. 


Example 5. Suppoſe it were required to extract the Cube Root 
that of 27 2 4 + 545 44+ 8556, Here are two diſtinct and per- 
yer; Wet Cubes, viz. 27 aa, and 8 553, whoſe Cube Roots are 3 4 
ave and 2 . Wherefore one may ſuppoſe the Root ſought to be 34 


1.23, which being involved to the third Power, is 27 4 4 4 
c4baa$36bba+85b, Now this new raiſed Power hath 


t of ene Term (viz. 36 55 a) more in it than the given Power hath ; 
und ut this being a perfect Cube, one may therefore conclude the 
d 1, ien Power is not ſo, viz. it is a Surd, and hath not ſuch a Root 
oot Ws was required, but. muſt be expreſſed, or ſet down, 

the | | 2 

Jude Thus / 27 aaa+54ban-+8668, 


If theſe Examples be well underſtood, the Learner will find it 
ery eaſy by this Method of proceeding to diſcover the true Root 
f any given Power whatſoever. OL 


re CHAP. II. 


luce > 


wel Agetyaick Fractions, or Broken Duantities, | 


3 Sect. 1. Notation of Frafional Nuantities. 
A LRactiona! Quantities are expreſſed or ſet down like Vulgar 
on Fractiom in common Arithmetict. is 


4477 Denominators. 


| This {> 2bc 5b—4a Numerators. 


pple a 5 

o Ho they come to be ſo, ſee Caſe 4, in the laſt Chapter of 

; 0 dvar. Theſe Fractional Quantities are managed in all re- 
Ks like Vulgar Fractions in Common Arithmetick. 


Y 2 3555 


_— * 
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Sec. 2. To Alter or Change Arent Fractions in; 
* 4 5.008 * retaining the ſame Value, 
RULE. 
U LTIPLY all ihe Daneminiters into each other for, 


| new Denominator, and each Numerator into all the Dan 
minators but it's own for new Numerators. | 


BXAMPLES. 


Let it be required to bring - and — — into one Denomination, 


' 


F irſt a x c, and d x b, will be the Numerator and b xc wil nd 1 

be the common Denominator, VIZ. 7 33 7 are the tw Thus 

g.;. In 

1 13 3 3 

5 Fractions required: that is, _ == A and Re | » 
2 14 

Again, let SEP 5 2 nd © be brought in one Denominaty 5 

. ad—ac+bd—i. Who 


' ba OE EO rnd, 7 aD = Ks 


and they will be 


8 


9 _ — 


Sect. * To Bing whole Duantities i into Fractin 
7 4 given Denomination. 


RULE, 


N ULTIPLY the whole Duantities i into ihe given Daw 


minator for a Numerator, under which ſubſcribe the giuu 
Denominater, — you will have the Fraction required. 


EXAMPLES, 


Lebt it be required to bring a+ þ into a Fraction, whoſe Der- 
minator is 4 —a. Firſt a + * 4— 4 is da+bd—aa—bi: 
r 


Then gory is the Fraftion required. : 
Again 2477 will be IFC. And 2 — 4 Will be 8 7 
Mats 22825 in be? = 


When 


. _ Of Fractional Quantities. _ 


| When hole Quantities are to be ſet down Fration-wiſe, 


\bſcribe an Vi for the Denominator, Thus a b is < And 


| —bb 
Ha is — &c. 


25 4. To Abbreviate, » or Reduce Frafional Wenn 
ties into their loweſt Denomination. 


RULE. 


U 


md their Quotients will be the Fraction in it's loweſt Term. 


a ac, aa 241 bb bac 5 
Thos — n 7 5 And a+ Jr 4A d. 


e any) are eaſily diſcovered by Inſpection only; but in compound 
fractions it often proves very troubleſome, and muſt be done 
ither by dividing the Numerator by the Denominator, until no- 
bing remains, when that can be done: or elſe finding their com- 
non Meaſure, by dividing the Denominator by the Numerator, 
nd the Numerator by the remainder, and ſo on, as in Vulgar 
Frattions (Sect. 4. Page 51.) 

„ EXAMPLES. 


4 


doppoſe — SIZE were to be reduced lower. 


hen dint) aac—aad ( N. Fraction required. 
a ac - 4a a. 7 
O O 
In this Knol it ſo happens that the Numerator is divided juſt 
off by the Denominator; but in the next it is otherwiſe, and re- 
quires a double Diviſion to find out the common Meaſure, viz, 
aaa—abb 


Le NED w 
3 tit be mir to reduce - — x to it's loweſt Terms, 
| Firſt aa +2 664-55) aaa—abb (a 
a a TTA, 
0 —2445— 2405 the Remainder. 
— aa+2abÞ+bb (— ay „ 
2245 | 2 24 
ab+bb 
ab4+bb 


hen e Hence 


Joide both the Numerator and Denominator by their greateſt 
common Diviſor, viz. by ſuch Quantities as are found in both; 


In ſuch es 7 don as theſe, the common Diviſors (if there | 


2 


1 
8 
3 
e 
7 
OY \ 
[$2 
"4 
: = 
5 4 5 
1 
1 
'+ 
i n 
x a , 
iy F 
* : 
* 4 
©, | 
is 7 . 
Js ö 
19 
- 
= 
, Fg 
© J 
- q : 
= 1 
: * 
111 
4 
3 
1 
] 1 
#, 1 
- = 
* ij 
x 
42 
.* 
$\ 
. 
- 
T: 
© . 
K- 
3 * 
1 9 
: 
1 
1 -v 
4 
1 
% 
* RB 
Z 
* 
1 
15 
1 
1 
4 | 
— 8 
t 
55 
„ 
4 1 
+ 8 
: 8 
19 . 
1 
1 
N 
3! 
- 
£8 
: 1 
-- Wai 
* 2 
1 1 
4 
13 1 
2 
"> BIS 
TS 3 
T3 
= 2 
* Fi 
3; 
383+ 
15 
4 
* * K ; 
7 
14 
1 
Is 
k 6” 
23 
5 
* 
44 
5 
1 1 
14 
— 14 
; + 1 
: + f 
|} xl 
1 1 
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1. 1 \ 
11 
11 
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1 3 
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Hence it appears that 2 a a b— 22 577 is the common 1c. Me 
ſure; by which aa 455 being divided. : 


Fin ll a aa - 4353 . 
444 44 26 2 


| Da —abb 
—aab—abb 


— 
— 


5 


Then — = — 42 — is the new Numerator ; „ 
20 


. is the now Denominator But — 347 — — 2 
2 4 | 2 2 4b 

| —a+b NY ns —24—23 
io (iy Yumerator 5 TY 2 a 4ba 


| == —— te Denominator, Let both © multiplied with 20% 


— a+ a b the Numerator. 
— 2 — the Denominator. 


and you will bave © Or changii 


the Signs of all the Quantities, it will be 2 the new Frac- 


7 
— 23 4244433 
tion required. That i is, *. be" * err 
dd—bb 


Apia, let it be required to reduce 


44 


The common Meaſure of this Fraction will be the eaſieſt found 
(as appears from Trials) by MY the Denominator by the Nu- 
merator, Sc. Thus, | 


4-55 444511 (. 


dad —bbd 1 
e dd nk U . 
dd —ba\ 5 
Ti- 3 0 
— 8 


* it appears that 5453 is the common Meaſure that 
will divide both the Numerator and the Denominator. 


| Conſequently 


— 
alf 


— 


up. 3 Of Fractional — — 


d—bb) dd —bb 
onſequently 6 | ) 2 7 ＋ I, is the new Numerator.. 


— 


db—bb 
db —bb 
_ 0 | 
ds 4—bbb 
And bd bb) 3 7 24 d + the new — 
CT- ddb—bbb 
p  ddb—bbd 5 
126 _bbd—bbb 
— 9 8 


Let both be eue, with 6, and then you will have 
d4＋ the Numerator, 

IId Fb the Denominator, of the Fraction required. 

But if after all Means uſed (as above) there cannot be found one 
ommon Meaſure to both the Numerator and Denominator; then 
is that Fraction in it's leaſt Terms already. | 
Nate, Theſe Operations will be underſtood by a Learner after 
he hath * thro? — and Diviſion of Fractions. 


— 


— 1 2 —— — 4 


Sect. 5. Addition and Subſtraction f Fraflional 
Duantittes, 


ind THE HE given Fractions being of one Denomination, or if they 
Nu are not, make them ſo, per Sea. 4. Then, 


RULE. 


Aid or ſub! raft their Numerators, as Divas requires, and to 
trar Sum or Difference, ſubſcribe the common Denominator © as in 


Vulrar Frattions, 
any: in Addition. 
, R bb. Pu oy TY oo a—b +4 
7 i” . 
hat | 212 | 2a-+c 2b—a . 4a 4＋ 5 — 4 
WE wh FFF | 4＋ 2 
I. 
ty "A 5 d d +a 


2 xamples 


Examples in Subſtraction. = 
F bb - 2A a-+b 1 


_—— 


* 4e a 4 
55 „„ fo+3—z 
i 5 4 Ia 
| aa 2a—b a +b b—a+7q 
* 3 — — — — 
1 c a4 d 4 4 


* 


— 


Sect. 6. Multiplication f Frafional Quantiiz, 
TIRST prepare mixed Quantities (if there be any) by makin 
them improper Fractions, and whole Quantities by ſubſcribing 
an Unit under them; as per Sect. 3. Then, 


RULE. 


Multiply the Numerators together for a new Numerator, and th 
Denominators together for a new Denominator ; as in uy 


Traction. 
Thus 125 34 — 25 
44 4a +26 
172 R who 222 —2ab—4bb 5 
3 


24d + dc 


Suppoſe it were required to multiply 2 a + 3 — 25 win 
ä | 1 1 
36 + 4c. Theſe prepared for the Work (per Sect. 3.) wil 


ſtand 5 
4 
T }-14: | 
: 4 35:46 


* 1 
| bbac+3bb—75 be+Bact-4bc—100cc _ 


2ũ1 213 


or 4 bba—7Tib+8ac—1oocþ — per ged. 4 


— . — | x. 


ap. 3. _ Of Fractſonal Quantities, — 169 
V. B. Any Fraction is multiplied with it's Denominator by 


aig off, - or taking the Denominator away. Thus : xa gives 


3 @ . 


Sect. 7. Diviſion of Fra#tional Quantities. 
HE Fractional Quantities being e as direQted in * 
laſt Section. Then, 


RULE. 


Maltiply the Numerater of the Dividend, into the Denominater of 
Dinar, for @ new Numerator ; and multiply the other two tage- / 
er for a new Denominator ; as in Vulgar Fraftions. 


nen 
wh divided by =>, the Work may and than 
E 254 1 | | 
f 


Ir thus | 


121 4 | SY 
= 147 — 45 a a4 ＋ 533 


ITE 
Suppoſe it were required to divide 4 4 15 * 274 MII by 4 + 3, 


be Work prepared will ſtand thus, 
E-) <<< E422 ICT aaa+4aab4Jabb But 
2745 4 ＋5 5440 . 
PE. 4245643233 22＋35 
n (oer ect. 4.) 
When Fractions are of one Denomination, caſt off the Deno- * 


a b3 
inators, and divide the Numerators. Thus, if = —_— were to 


55 


* 
* 
* „ * 
W — 


| 1 60 „n Algebza. N | Pani 
N fabi R abc __ _— 
*"T/ 7-6 pre bbe = 0b bern 4) 4.) ＋ 
Again, ſuppoſe it were required to divide wow. — b h 
| — | 
| 33 Thus 
9 a 2 in : _ Caſting off c 24 in both, it will be 404 
2 
1 
21 47 — 1 TI . e. : 1 
* 7 PE as Bu 
"Seat. 7 8. Javolutfon of Frags? Yuantiities, juſt ſi 
| to thi 
RULE. a7 
Vuolve the Number into it ſelf for a new Numerater, and ib 
Denominator into it ſel if for a new Deneminator ; 3 each as oft oil 
the Power 97 27 | | 
| : 
b 136c b b + a a 
Thus r| = | 2ad 1a — 
1 bbce DEL 
2 | IDLE. 
1 444 dd 4a 24 Tec 5 . 
; 41 Deer D 
1 G. 3 8 2 3 . 
224 aaaddd 42 44 2 41 ccc ei, 
12 it ea 
D "Sift HO cob 
Sect. g. - "Evolution i Fratondl Sanne. 7 
1 F the Numerator and Denominator of the Fraction have ert £qua 
of them ſuch a Root as is required (which very rarely happen HH 1 
then evolve them; and their reſpective Roots will be the Num: Laus 
ator and Denominator of the new FraQtion required. E 
1 1222 aab2ab+bb 1 
Thus aint 
| 1444 aa—2av6+bb Inſta 
het "T3473 a+b Page 
1 2 e 3 wh 
3 
1 ain | 3 1 LTL e een ſuch! 
Fe loln Reds. 20g —3aab+3abb—V1 __ 
484 4 | a+b _ E: 
88 4 2 a +: 42 4 225þ1 7 dect 


oy <= —— 


Sometimes it ſo falls out, that the 3 may have ſuch 


Root as is requited, , when ths any hath not; or * . 
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. 


minator may have ſuch a Root, when the Numerator hath not. 
[n thoſe Caſes the Operations may be ſet down. 


as | | 4227 200a+4bb—ad. 
25 1 Tad 55 aa+2ab+bb * 
Pl | ab [VAT 
PI 


But when neither the Numerator, nor the Denominator have 
juſt ſuch a Root as is required, prefix the radical Sign of the Root 
the Fraction; and then it becomes a Surd ; as in the laſt Step, 


vhich brings me to the Buſineſs of managing Surds. 


1 
＋ 


* 


* - 
& S 
IBS Sit 


SHA P., IV. 
of Surd Duantities, 


HE whole Doctrine of Surds (as they call it) were it fully 
handled, ' would require a very large Explanation (to render 


ee 


a f but tolerably intelligible) ; even enough to fill a Treatiſe it 
© Wi), if all the various . that may be of Uſe to make 


it eaſy ſhould be inſerted; without which it is very intricate and 
troubleſome for a Learner to underſtand. But now theſe tedious 
ReduRtions of Surds, which W thought uſeful to fit 
Equations for ſuch a Solution, as Was then underſtood, are wholly 
hid aſide as uſeleſs: Since the new Methods of reſolving all ſorts of 
Equations render their Solutions equally eaſy, although their 
Powers are never ſp high, Nay, even ſince the true Uſe. of 
Decimal Arithmetick hath been well underſtood, the Buſineſs of 


vac 


mt, 


Inſtances of that Kind in De Wallis's Hiſtory of Algebra, from 
Page 23, to 29. . 

| ſhall therefore, for Brevity ſake, paſs over thoſe tedious Re- 
luctions, and only ſhew the young Algebraiſt how to deal with 


ä 


1 


* . "IC 2 


- 


dect. 1. Addition and Subſtraction 7 Surd Quantities, 
boſe . HEN the Surd Quantities are Homogeneal, (viz. 


2 


£ 2 „„ 


durd Numbers has been managed that Way; as appears by ſeveral 


ſuch Surd Quantities as may ariſe in the Solution of hard Queſtions, 


are alike) add, or ſubſtract the rational Part, if they 
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. Ace Fan!. 


are olned” 0. to any, and 1 to their Sum, or 55 adjin th the 
irrational or Surd, 


Ladet in addition. 
|: | 5y/be 2225 ne 
* 


LL . 
12 7b — 553 


* 


LS: and 
2 * 


1. e be:*\/aabT | 
wah — 


C46 
7 ined | 


Se 4.6. 1 


| Examples in Subtraction, ona 

Ine 105% 4c 4by/ 8a+cc 2 
1 n4/be |. 4by/ac DV Nc 
1213 BE feta b CELL 


5: 45 * aa 
| HEE £44 4 @ | - . ee 35 ᷣ⁰⁰⁰jẽj¼54 
| 1—2 3 4. 7 ˙= ee eee bc: * 
27 1 — — 

Cafe 2. When the Surd Quantities are Hebel (vis 
their Indices ure unlike) they are only to be added, or ſubtracted 
by their Signs, vis. + or —. And from thence will ariſe Surds 
either Binomial, | or Reſidual, 7 0 


1 B77 2 Examples in Addition. 


. Ig ml 


| $67 f be 8 1 447 0 py 1 12 
5 | 217. 135% 400% 2 Wh 
F 
b 8 L * 85 ods Ws 5 can | 
4 Examples in Suhſtraction. Grid 
IIe _|b—dv aaahca 
s 37475 8 d—2ay UT 2 TS 
1—2 13106 8 dad mee e — 2av/Tae 


172 


3 + N | k 1 | 5 E 


8 1 


ll al 


1 


S- a, 8. 


up. 4 Of Burd 5 Duantities, a | 


— 


ect. 2. ultiplicatian of Surd trol, 


iſ W HEN the Quantities are pure Surds of the ſame kind; 
multiply them together, and to their Product prefix 


their radical Sign. 
"EXAMPLES. 
vb ]vbabkda _ 2 
E 


1x213 v ba. | Vieaa+dcan Va 


Ch 2. If Surd Quantities of the ſame K ind (as before) are 
ined to rational Quantities, then multiply the rational into the 
tional ; and the Surd into the Surd, and join their Products 
zogether. 


. Ane 
1] 4% le e x TY 
235 132 ca | 5 d 


1x2] 3 34by/ bea! 15 cdavFeaaFdcaa l75v abda 


Sect. 6. Diviſion of Surd Quantities, 


THEN theQuantities are pure Surds of the fame Kind- 
and can be divided off, (ui. without leaving a Re- 


minder) divide them, and to their Quotient prefix their radical 
don, 


00% 1. 


EXAMP FT OO 


1] ba]|vFeaaÞdcao|v anne —bbbb 
[214 b V4 — 14433 2 
1-2 3 Va | hkabda |Vaa+Hbs | 


Caſe 2, If Surd Quantitjes, of the ſame Kind, are joined to 
tional Quantities ; then divide the rational by the rational, if it 
can be, and to their Quotient join the Quotient of the Surd 
dnl by the Surd with it's firſt radical Sign. 


0 EXAMPLES. 
I|2dby beal} 15 cday/ braadcaa 75 43A 


2 365 a 3av ca || 5vd 
—2 3 dy be _ _5cdv/batda_ 4 I5vV ab 


— — ef 


N ole » 


o [4 
＋ 
4 7 | 
. @+ + 0 ; 


* 1 — 


. © Pan ies 

Note, if any Square be divided by it's Root, the Quotient wi | Ar 
be it's Root, py | LE Mk 

5 EXAMPLES. 2 

tr al Daze ce aaaa—2bbaaÞbhl; Al 

j: 


122 |3|v Teer =2bbaatr 


— 


| EE 


| | Set, 4. Involution of Sard Quanlities. 
Caſe 1. W HE N the Surds are not joined to rational Quantiis ( — 
7 they are involved to the ſame Height as their Index 
denotes, by only taking away their radical Sign. | 


EXAMPLES. 


zs eaſily conceived, if you conſider that any Root being involved 


75 Then multiplying both Sides of the Equation into b 6, i 


0 Again, 


HE e ⏑⏑ Fa—=ds 1 
180521 a bcal aa—bbl 5 — 44 
Caſe 2. When the Surds are joined. to rational Quantities; in q 
volve the rational Quantities to the ſame Height as the Index of Wi « x 
the Surd denotes; then multiply thoſe involved Quantities into e — 
Surd Quanttties, after their radical Sign is taken away, as before, 1 
nd ae, 1 TRA MES Bib me F 
7 by a Tar Bob} © eee * 
19" 255 25 4 de⁵ lg bbaa—gbbad 
þ 2064] 34:%/TaFF5 [da:'vs Wh. 
10 l2{aaabe 127 dddaa+27dddbbidddaaib 92 


3 


The Reaſon of only taking away the radical Sign, as in Caſe1. 


into it ſelf, produces a Square, &c, And from thence the Reaſon 
of thoſe Operations performed by the ſecond Caſe may be tiws 
lated. e | . 


Suppoſe 5 Va x. Then 4 _ per Axiom 4. and both 
Sides of the Equation being equally involved, it will be «= 


X 


becomes 5, x x per Axiom 3. Which was to be proved. 


e; 
lex 


the 


my 


nm OE ALT I_S 
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— 5 


Again, Let 5 dV ca=x: Theny ca = 72 and c 4 


& * 
as 25 4 4 | BY 0-4 2% 
Alſo from hence it will be eaſy to deduce the Reaſon of multi- 
plying Surd Quantities, according to both the Caſes, For 
1 . 


vppoſ | 4 VP EET Bxampl 1. Caſe 1. 
18.˙ 3 Sr | | 
26*1|4 — 7.x | 
2x4|5| ba=zzwxx, per Axiom 2. 
5 6 ba=zx. which was to be proved. 
41] dv/be=z] -” 
Le | 3 4 I Example 1. Coſe 2. 
1+-d|[3] Vbc= — 
2 * 
4x3]5|vV abc= 777 from what is proved above. 


cx3bdl 61 2bdV/bea=zx, &c. for the reſt. 


_Y 


Diviſion being the Converſe to Multiplication, needs no other 
Proof. | 


CHAP v. 
Concerning the Nature of Equations and bow to prepare 
them for a Solution. ji ag 
6 


WHEN any Problem or Queſtion is propoſed to be analy- 
_ tically reſolyed ; it is very requiſite that the true Deſign or 
Meaning thereof, be fully and clearly comprehended (in all it's 
Parts) that ſo it may be truly abſtracted from ſuch ambiguous Words 
a Queſtions of this Kind are often diſguiſed with; otherwiſe it will 
be very difficult, if not impoſſible, to ſtate the Queſtion right in 
it's ſubſtituted Letters, and ever to bring it to an Equation by ſuch 
various Methods of ordering thoſe Letters as the Nature of the 
Geſtions may require. | | 


Now 


there is great Variety, 


or not. That is, whether it admits of more Anſwers than one, 
And to diſcover that, obſerve the two following Rules, 


_ the given Equations, the Queſtion is capable of innumerable Anſwers, 


be 46. What are thoſe Numbers: 15 


Queſtion is not limited, but admits of various Anſwers; becauſe 


| added to the ſecond, their Sum will be 22 ; if the ſecond be added 


— | 3 — — 
11 P 
Nov the Knowledge of this difficult Part of the Work is only d 
be obtained by Practice, and a careful minding the Solution of ſuch 
leading Queſtions as are in themſelves very eaſy. And for thy 
Reaſon I have inſerted a ColleQion of ſeveral Queſtions ; wherein 


4 


Having got ſo clear an Underſtanding of the Queſtion propoſe 
as to place down all the Quantities concerned in their due Order 
viz, all the ſubſtituted Letters, in ſuch Order as their Natur 
requires; the next thing muſt be to conſider whether it be limited | 


A V-L.E-x: - 
When the Number of ** Quantities ſought exceed | the Nan, 


EXAMPLE. 


Suppoſe a Queſtion were propoſed thus; there are three ſuch 
Numbers, that if the firſt be added to the ſecond, their Sum wil 
be 22. And if the ſecond be added to the third, their Sum will 


Let the three Numbers be reprefented by three Letters, thus, 
call the firſt a, the ſecond e, and the third y» 


* 2 Jt 46 according to the Queſtion, 
Here the Number of Quantities ſought are three; a, e, y, and 
the Number of the given Equations are but two. Therefore this 


for any one of thoſe three Letters you may take any Number at 
Pleaſure, that is leſs than 22, Which with a little Conſideration 
will be very eaſy to conceive, - 4 8 | 


PF {2s #3 
When the Number of the given Equations (not depending upon ont 


another) are jufl as many as the Number of the Quantities ſought; 
then is the Dueſlion truly limited, viz, each Quantity ſought hath 


but one ſingle Value. 


As for inſtance, let the aforeſaid Queſtion be propoſed thus, 
There are three Numbers (a, e, and y, as before) if the firſt be 


t0 
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ta 

ch ide third, their Sam will be 36. What are the Numbers? That 
at Mi, 4 e = 22. 5 = 46. and a+y = 36. Now the Que- 
in aon is perfectly limited, each fingle Quantity having but one 


ſingle Value, to wit @ = 6, e 16, and y = 30. 
V. B. If the Number of the given Equations exceeds the Num- 
ter of the Quantities ſought ; they not only limit the Queſtion, 
ut oftentimes render it impoffible, by being propoſed inconſiſtent 
ne to another. 1 

Having truly ſtated the Queſtion in it's ſubſtituted Letters, and 
ound it limited to one Anſwer (or at leaſt ſo bounded as to have 
certain determinate Number of Anſwers) then let all thoſe ſub- 
lituted Letters be ſo ordered or compared together, either by 


Quantities except one, are caſt off or vanifhed ; but therein great 
> muſt be taken to keep them to an exact Equality; and when 


.) is found equal to thoſe that are known; then the Queſtion 
; ſaid to be brought to an Equation, and conſequently to a So- 
ation, viz. fitted for an Anſwer, 255 . 
But no particular Rules can be preſcribed for the caſting off, 
r getting away Quantities out of an Equation; that Part of the 
ut is only to be obtained by Care and Practice. And when that 
done, it generally happens ſo, that the unknown Quantity 
phich is retained in the Equation, is ſo mixed and entangled with 
oſe that are known; that it often requires ſome Trouble and 
Kill to bring it (or it's Powers, c.) to one fide of the Equation, 
d thoſe that are known to the other fide ; (ſtill keeping them 
d a juſt Equality) which the Ingenious Mr Scooten in his Prin- 
ju Matheſeos Univerfalis, calls Reduction of Equations. Sb 
The Buſineſs of reducing Equations (as F moſt, if not all 
Uedraick Operations) is grounded and depends upon a right Ap- 


thoſe Axz9ms be well underſtood, the Reaſon of ſuch Operations 
uuſt needs appear very plain, and the Work be eaſily performed; 
n the following Sections. 


to the third, their Sum will be 463 and if the firſt be added 5 


ding, ſubſtracting, multiply ing, or dividing them, &c. accord- 
nz as the Nature of the Queſtion requires, until all the unknown 


ht unknown Quantity, or ſome Power of it (as Square, Cube, 


lication of the five Axioms propoſed in Page 146, and therefore, 


* Wb . | Sect. 


: 1 
11 
1 


—— 


2 — 5 n , * 5 — 
2 — * N — n 
g wu e a 
2 — er 7 1 oat 22 1 wt - r * N PY N — 
8 renne = 9 IS; 5 Se 8 Gs 
ONCE. r _ - . 1 20s — ——— — x5 8 2 n r pn WET 
2 TTP 1 . — 4 — 2 = 
£0 gd TT et . ̃ d os, renin: 42et ri I re 2 Beret Sv _ — ; 
4 4 8 3 * 8 — "x 7 — . - + 
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— IE ia oe IH We OY 
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2+a 


344 14 ez c &. 


R EDUCTION by SzHHraction is grounded upon Axim 2 


1—2baſ2ſaa—2baþdc+b=dd 


Sect. 1. Of Reduction by Addition, 


R EDUCTION by Addition is grounded upon Axim 7 
and is only the tranſpoſing (viz. the removing) of any Ne 

tive Quantity from either Side of an Equation to the other Sid: 

with the Sign ＋ before it; as in theſe = 

BB XA2#KHPLE 8: | 


Suppoſe | 1 |] a—b=4d4| Again, 


Then |2|a=d-+b| Letſi]| aa—d=c—a; on 
For 3 b=4d|] 1+d]2] aa=c—aabd theſe 
1I-bH3l4la=d+bl2+baal3l2aamcikd 


Let | 1 


I +4 


4128 6 + 4—4 a Line over it, to diſtinguiſh it from thi 
e 
1 Let 1 aa—dc—b=dd—2ba 
IHbj2jaa—dc=dd—2ba+6b 
2+dc|3flaa=dd—2ba+Hb+dc 
3-Þ2balglaab2ba=dd+b-+dc 
Suppole 1 2da—d=cic—3baa—aaa 
I-Haaa |2Jaaab2da—d=cc—3baa 
2 +3baaſ[3|jaaabH3baab2da—d=c 


| | Note, When any abſolute Number 
Ja—4=6b—a regiſtered in the Margin, you muſt dn 


Sect. 2. Of Reduction by Subſtrattion. 


and is performed by tranſpoſing (or removing) any Affrm 
tive Quantity from either Side of the Equation, to the other vide 
with the Sign — before it; as in theſe | 


EXAMPLES. 

| | | 7 1 
i|a-þb—4| Let 3a4=b+4 55 
21 b —=b|1—a 242 442 6 


. 
314 4-312 — 413122 - 422 


| Suppoſe ilaabdicb=dda+26ba 


Suppoſe 1 
And 


1—2 


2 — 4c 3A - 25a ＋ = Add dc 
3—5 1414 — 24 d- de- 


57.5 f Reducing Equations, | 


I. 
Leet II TLS 354 ＋＋ 24 à 
13144 2 a aa - 3bAa TAI (N24 4 
2244 [3444 —3b4Q 4 - 2da d 
41444 — 344 — 2 da - d 


3 — 
Sect. 3. Of Reduction by Multiplication, 

FR ACTIONAL Quantities, in any Equation, are brought 

into whole Quantities by multiplying every Term in the Equa- 


tion with the Denominators of the Fractions, per Axiom 3; as in 
theſe | 


EXAMPLES. 


m thi 


try a doppoſe 5 5 = 6 


Then 2A = 6X 5 S 30. For - * 5 == vs 4. 


— . * —_ —— 


del —} od 
Let I 32 = „ Suppoſe 11 TY 1 
Ix26 [21 6ba=dcl ItIxa—bl2laa—ba=dd 
- | ER ix: gn 
113 2 8 6 
Hp te tf== _ . 
4 1 3 


IX 24 ＋-l e BF 
| a 
2xalt3laaabbcaÞbbfa=dxb 


n 288 — ; — . 

mi Suppoſe || _aaa _ba—bb 

ide | | | gg bþ _ a +4 5 | = | 
14 = 444 baaa—bbaa—bbba—+bbbb 


3 a ＋ 6 
114 ＋ 6 3 | 44aabaaa=baaa—bbaa—bbbabbbb 


Sect. 4. Of Reduction by Diviſion, 


W HEN any Quantity (either known or unknown) is in every 

Term of an Equation, if the whole Equation be divided by 
that Quantity, it will be reduced into lower Terms, per Axiom 4, 
in theſe following Examples. 


Aon - . v 


xe. 4 — L 
bs 4. 4 a * * 
* — — na 4 = ==, . * 2 


W Wome . W0wp 
| EXAMPLES. away 
Sage | 1 baa+bca=bed Let 5 Fir 
1 za Se 11212 121 am; 
Let |1|ffaa+ffcaa—ffa=ffda+ffanW 1 
„ 1 FFA TFA - da 7 7 N 16 
i ie hep // 


Or when the unknown Quantity is multiplied (vi. joined) wit 
any that is known; let the whole Equation be divided by the 
known Quantity, that ſo the unknown may be cleared; xx jr 
theſe 


EXAMPLES. W 

Fr 5 | g i 8 ac | 

Suppoſe|1]ba—ca=dj Let 1 1 be eg 
1 7 n | 14422 2 e e 


0:4 


- Suppoſe | 1 55 aaa —=2bba a =bda=kc „ 


iI—=baſ2ſjbaa—2bq=4&4+c 11 
225 4 — 2 4 . Supp 
—— LI 3146 4 4 _— _ upp 

Let ji149daaþ42aa=7bca+21ca —_ 
I—7|2] 7daa+ baa= bca+ 3ca 0 
2 ＋2 43744 + be =. be + 30 ane! 
13 „ both 
. | = 7 + 1 Ter. 
Sect. 5. Of Reduction by Inbolution. "= 

WW HEN there happens to be an Equation; between any ho. — 
A mogeneal or like Surds, take away the radical Signs from F 
the Quantities, and they will become rational; as in theſe the 
EXAMPLES, _ 4 

Suppoſe I VVA Lp nM $4. 4.08 _ - 
. dc 103 [2 1 aa = _ ab+bc ) Chap. JÞ 8 


Or jf one Side of the Equation conſiſts of Surd Quantities, and 


the other Side be rational, then involve the rational Cn 


* 


5 2 g. Of Reducing Equations. ub: 
— WT fume Power (or Height) with the Index of the Surd, and take 


away the radical Sign; as in theſe 
2 | g E ie 


7. Va=6 WAH Vage | I 3 
q 14 4 = 36 ok 1 -a=bb4+2þc+ce_ 
" ſe os —ba=d & | 18 

El AF | aa—ba=ddd 1 4 a= — 
ih 


th Sect. 6. of Raduhn by Evolution, 


W HEN any ſingle Powers of the unknown Quantity is on 
one Side of an Equation ; evolve both Sides of the Equation, 

xccording as the Index of that Power denotes, and els 1 will 
d be equal; as in theſe 


13 = EXAMPLES. 


b rok | bs aa=36 Let 77255 
ee n a = / - 5) $--— "Wy ke. 
val 1laa=bb—4ad E Let — 

—_—= -|2 0 =vH—dd * 


Or if any 8 Power of the 2 Quantity be on 
ene Side of the Equation (that hath a true Root of it's kind) evolve 


Terms; as in theſe 


* 


3 


duppoſe | 1 7 
1 15 | a+b= 


G—b==&4c 


quires, 


* 


EXAMPLE I. 


— 7 5 — — what is a 4 to? 
n 424 = t 


both Sides of the Equation, and it will be depreſſed into lower 


e 


Here follow a few Examples of clearing Equations, wherein all 
the foregoing Red actions are — uſed, as Occaſion re · 


2 — — 


If 
N 8 ” one tug; . — * 8 2 f — - 4 \ 
* 4 SSSI 2 W OS 2 . 5 — 5 Y 4 ** 7 4 5 
2 2 1 r * 2 . er Lars — 5 . 0 B Og : 
8 = — op 2 - 5 N 2 p RE UC TAE NIN en — . — — 5 a 7 * = 
a * 4 r _ - = . 4 * 4 291 * c = * 
— — r _; 1 n x : >_> . ne \ 
LD CRE YA et \- 6 — py * et —— n 3 7 pn. - \ -—-= l 
. * — 5 . - Es 
8 225 Y * 


nat 5 
—_— 
— 1 7. RIES 
S II vo ER = a e 7 
3 3 8 Ke Eben of 
re a I py + > © * F 
—— — — 2 — 
| — __ — 2 

8 7 e p Un R — 
- bg re 2 "EE AT — Pe : N * . Cageae Os — 
T7 GREY 2 r "RW 5 * 0 : 0 * 2 
BH . — K = 8 — PII — 


— 


I of A. A 4 
-- 2 . e 
8 — Kg. 1 223 
S 
<> Ras = "4 n 
' 


...... = "2000 
As! 2 * 613 baabbc—bd=4g—4aa $50 Ol 
3+4aa|4|baa+4aaHbc—bd=4g 
4+54|5|baa+4aa+bc=4g +64 
5 — be E 
— ky 48 +bd—bc 
6—6 [7 a= ——E—ä— —u— 
FF 
iT} or NE Sor. 
5 ad 12 . TET e required 
EXAMPLE 2. 
_ Suppoſe 1 a 7.354 = —I3_ what is the Value of a 
n * 354 — 2 at 
RP WO PTL; 348 
I*x41}21]4 i Ds — 
1 ＋ 354 354 —2 
2 x 353 — 43125310 — 434 2 34 4 
2＋ 4424444 125316 
Co . 
6] a=y 31329 = //, the Value ofa requitel. 


5 u 


11 


EXAMPLE z. 


„ aa-+36b 8 WY 3 
. 4 * 
aa4-3bb aa 3D  aa—3bb 
— —27 — een 
pt nn" 
aa—3bb baa 
1 
aa at —gb+ baa 
„ DIP — 3 
ee 
E 
2 0 2 WH = a , ⁰⁰ 
© N = 44 — 365 „ — 90 
4 aa+36 x4 — — e 
aa baa _ , 9 
- C 5 8 WE 


4 


——_—_} ww. 


— — 
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7 07 5 4 
1421 5 a* 53 a* a* — 934 
2 — — — — — — 
58.6 4 oy ＋ 1 
b a*| fa bb a  a* —gÞb+ 2247 
*. + 
4a 9 3a“ 
„„ ͤ Try 
„ PT at 
ROAST TT 5 = 
fat * 10% „ + 2 1 
10 „ 41145 +gcicb} = 4c at 
1—434/](12 0c =4c at — 4 bet 
| * 3 
ed, For [EEE 4 — 450 
— 1 „ 
pane 2 40 — 44 
1 1 9 ccb? 
14 wv 15 W SE" as Was required. 


By Help of theſe Reductions 8 applied) the unknown 
Quantity (a) or it's Powers, are cleared and brought to one Side 
of an Equation ; and if the unknown Quantity (a) chance to be 
equal to thoſe that are known, the Queſtion is anſwered : as in 
the firſt Example of Sect. 1, and 2. Or if any ſingle Power of 
the unknown Quantity (a) is found equal to thoſe that are known, 
then the reſpective Root of the known Quantities is the Anſwer ; 
as in the firſt four Examples of Se. 6, &c.- 
But when the Powers of the unknown Quantities are either 
mixed with their Root, as a a A d d, &c; or do conſiſt of 
f different Powers, as aa AA dd, & c: Then they are 
called Affected, or Adſected Equations, which require other Me- 
thods to reſolve them; wiz. to find out the Value of (a) as ſhall 
Le ſhewed further on. 


— 
+ 


CHAP. 


” I 4 2 * * 4 — yy 
p , WF. . $£% . 
F , | 4 3 ; : : 
4 *. 4 * & 1 3 * 4 * 
" v „ — pus f —— —— * 
a * 

* 
8 1 


CHAP. vi. * 
O onal Quantities : ; both Arit 
f bann, eal ond ge. met, 


W HA T bath been ſaid of Numbers in Siena, Progr 
ſion, Chap. 6. Part 1. may be eaſily applied to any Seri 
o Homogeneal or like 1 gs. | 3 


wn 


om ws, MAS 4 


das... | 


| Set. 1. Of Quantities i Acithmetical Pogeeſgion 


T HOSE Quantities are ſaid to be in the moſt ſimple or m. 
tural Progreſſion, that begin their Series of increaſe or de 
creaſe with a Cypher: 


o: 4: 24: 34: 44: 5 : 6a: Kc. increaſing. 
Thus o:—2: a5 — 34;—40:—54a:—(a: &c. decreaſing, 
Or Univerſally, putting a the firſt Term in the Progreſſion, and 
e the common Exceſs or Difference. £ 
Ten f z. 2 e: 4422: 4435: 444 : 4 Se: abe: ke 
a -e, a3 Ae: 4 — be: &. 
In the firſt of theſe Series it is evident, that if there be but 
= Terms; the Sum of the Extreams will be double to the 
ean. ; 
As in theſe, 9 4:24: or, a:2a: 3a: or, 2 4: 30: 4a 
Uiz. 24: LO a ＋ : or, a ＋ 3a 24 ＋.— 22, &c. 
Alſo, in the ſecond Series, either increaſing or decreaſing, it i 
evident, that if the Terms be a: ae: a+2 e &c. increaling; 
then a + a+ 2c, viz. 24+ 2c the Sum of the Extreams, b 
double to a -e the Mean, or if they be a:a—e: a— 24, &. 
decreaſing; then a 4-a—2e: viz. 24— 28 the Sum of the 
Extreams, is double to a — e the Mean. And ſo it will be in 
any other three of the Terms. Secondly, if there are four Tom} 
then the Sum of the two Extreams, will be equal to the Sum of 
the two Means; as in theſe, 4: abSe:a+2e:a+3%4 ll 
the Series increaſing ; here a +a + 3e=@+e-+a+2e 
Alſo in theſe, a: a—e:a—2e:a—3t in the Series & 
creaſing ; here 4 4 3e . - 2e, &c. in an 
other four Terms. 
. Conſequently, If there are never ſo many Terms in the Seri 


a Sum of the two Extreams will always be equal to | hs _ 


96 
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of any 


\«in theſe, a: C T2 34 T4, 4 5e Ke. 
Here 6+ a LS = 44 2 1 4 Je, &c. 


And if the Number of Terms be odd, the Sum of the two Ex- 


dame will be double to the middle Term, Sc. as in Corol, 1. 
Chap 6. before - mentioned. 

To CONSECTARY x. 

Tles 


IVhence it followes, (and is very af fo concei ze) that 1 # the Sum 


1 Series, the Product will be double the Sum of all the Series. 
Mey for the eafier reſolving ſuch 2 as depend upon 808 
Prgrefjunal Quantities. 


a = the firſt Term, as before. 
de. | = the laſt Term. | 
Let Je = the common Exceſs, Ec, as before. 
N= the Number of all the Terms. | 
S = = the Sum. of all the — viz, of all the Teas, 


Then wit. a +7 * x N =5 8, by the precoen ConſeQary : 
—4 2 = 0, the 


tat is, Na +Ny=28. Conſequently = - 


bum of all the Series, be the Terms never ſo _ Thirdly, In 
teſe Series it is eaſy to perceive, that the common Difference (e) 
$ fo often added to the laſt Term of the Series; as are the Num- 
xr of Texms, except the firſt ; that is, the firſt Term (a) hath 
o Difference added to it, but the laſt Term hath ſo many times 
e) added to it, as it is diſtant from the firſt. 

Conſequently, the Difference betwixt the two Extreams, is on- 
the common Difference (e) multiplied into into the Number of all 


de Terms leſs Unity or 1. That is, N—1 I xe=y—a, the 
ifterence betwixt the two Extreams, vis, Ne —e=y—a, 


CONSECTARY 2. 


uvided by the Number of Terms leſs 1, the Quotient will be the 
non Difference of the Series. 


Io wit, * = e. 


—1 


Tay two Means, that are equally diſtant from thoſe Extreams, 


the two Extreams be multiplied into the Number of all the Terms in 


Whence it follows, that if the Difference betwixt the two 8 


. Now 
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Now by the Help of theſe two Conſectaries, if any three 9 
the aforeſaid five Parts (viz. a. y. e. N. S.) be given; the other 
two may be eaſily found. 


Thus, LE as, = & 


0 
1 


as before. 


y—a=Ne—e 

y—abe=Ne 

* = Fa N, the Number of Terms, 
Na+Ny=28 

Ny=28—MNa 

2S M 


N 


= y, the laſt Term. 


Na=28—Ny 
28S —Ny 
Wc 


S a, the firſt Term, 


2.5 


= MN, the Number of Terms. 
28 


"a+y 


» per Axiom 5, 


—.— — 2 225, the Sum of all theSetis, 
„. 

Jy - 4 t 28e — 4 

Jy - 44 28e —ae—ye 
EO ö EY 

2S—a—y | 
Ne -e 4H), the laſt Term. 
Nea SAY. | 
- 4e—Ne=a, the firſt Term. 

h 7 | X&c. 


14 
15 
16 
17 


18 


= e, the common Difference. 


19 
20 
21 


— 


In like Manner you may proceed to find out any of the five 
Quantities (a. e. . N. S.) otherwiſe, viz. by varying or com 
paring thole Equations one with another, you may Pang new 

| quations 


nies, 


F 
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Equations with other Data in them ; the which I ſhall here omit 
purſuing) and kave them for the Learner's Practice. 


IN 


U 


Set, 2. Of Quantities in Grometrical Proportion, 


GE OMET RICA Proportion continued has been already 
defined in Se. 2. Chap. 6. Part 1. And what is there 
id concerning Numbers in == may eaſily be applied to any Sort 
of Homogeneal Quantities that are in ==. $ 

The moſt natural and ſimple Series of Geometrical Proportio- 


nals, is when it begins with Unity or 1. 


As 1. 4 44. 444. aaa4a4. 4 . 46, &c. in = 
For 1: 4: : 4: a:: 44: 444: : 444: 44as, NC. 
| 1 | ; s | 

rs „ bv + IS + Ih &c. are Terms in = 

; a aa aaa a - 

6b bb bbb , b* A 35 

For a: 5:: 3: tt — : — : :. 

„„ „„ MS „„ 


&c. 


That is, when all the middle Terms betwixt the two Extreams 


re both Conſequents and Antecedents, that Series is in Geome- 


cal Proportion continued. Therefore in every Series of Quan- 


Ftitles in = all the Terms except the laſt are Antecedents; and 


all the Terms except the firſt are Conſequents. But Univerſally 

putting @ the firſt Term in the Series, and e the Ratio, uiz. the 

common Multiplier, or Diviſor; then it will be 5 
a. ae. ace. ae. aeete. ae , ae, &c. in = 

32 % a a 

Ora. — 


. &c, are in , Decr. 


#88 6884 290887 - 
| a a ee | | 
Fora: e:: e: Saee, &c. 
a FE 
EM  & as a a & 8 
Aud 83 = : : K ˙—Ü Kc. 
% ³˙ - FE F ee eee 


I. In any of theſe Series it is evident, that if three Quantities 

vein , the Rectangle of the two Extreams will be equal to 

the Square of the Mean; as in theſe, 4: 4e. 40 heredxare 
dex, =aare, Kc. ; i 


B b 2 0. 
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5 9 4 | a a 4 
. aa 
Or a. . ; here alſo a * — x = =—,, &c, 
E . ee E E ee 


IT. If four Quantities are in the Rectangle of the Extrean, 
will be equal to the Rectangle of the Means. 
As in theſe, . 40. dee. aeee; hereaxar =arxay 
Ora. . =. =; bere alſo a — = = x _ == & 
| e ee eee “ 
Conſequently, If there are never ſo many Terms in the Seri 
of ==, the Rectangle of the Extreams will be equal to the Reg. 
angle of any two Means that are equally diſtant from thoſe Ex. 
treams. 1 | 
As in theſe, a. ae. ace. ae. al. ae 
viz. a e xa =ae* xae. Or ae xa=arzerexacemant 


III. If never ſo many Quantities are in & it will be, a any 
one of the Antecedents is to it's Conſequents ; fo is the Sum of il 
the Antecedents, to the Sum of all the Conſequents. 

As is a. Ge. ace. ae. aeeee. ae, &c. increaſing. 
a F44 a SS RAW a 
e £4 £84 4488: & 


4:ac::aÞaethacebact bad: aa f batt at 
| a I d EP OT” ne 
MA EN EAT os 


i . 5 | 
+ 2 + J. vz. 4 * 4 e Laee ar T4241 ＋-4 2 11 
2 [4 | / t 


xataratefer a 
That is, the Rectangle of the Extreams is equal to the Red. 
angle of the Means; per Second of this Sec. 
Note, The Ratio of any Series in = increaſing is found by 
dividing any of the Conſequents by it's Antecedent. 
Thus, % 9 Or ae) aee (e, &c. 
But if the Series be decreaſing, then the Ratio is found by d. 
viding any cf the Antecedents by it's Conſequent. 


Thus, :) a (« Or =) — ( &c. 


CON 


Ws 5. Of Proportional Quantities. 8 


CONSECTARY. | 
Theſe Things being premiſed, fuch E quations may be deduced from 
zem, as will ſolve all ſuch Queſtions as are uſually propoſed about 


gantities in Geometrical Proportion +>, In order to that, 


.. 42 the firſt Term. 5 a8 before. 


|, = the common Ratio. 
c , = the laſt Term. 55 
S the Sum of all the Terms. 


| 


Then S — y = the Sum of all the Antecedents, 
And $ — a = the Sum of all the Conſequents. 


a: ae::$—y:$—a per III. of this Se?. 


Analogy. | 7? 
1:4] 2] Sa—ag=areS—acy_ 
224 3] S—a=eS—ey 
2+ey] 4|Shey—ames 
4—S]| 5]ey—am=eS—8 
9 —1 6 = = 8, the Sum of all the Series. 
ö * 7 1 Se, the common Ha. 
54a 8 ey=eSba—8s 
| 4-5 1 
a 8—e] 9 a uu. q, the laſt Term. 
Y 4+a]10|SÞHeg=eSba _ 
5 10 - &II [Sey -es ga, the firſt Term. 


Mie, The . ſet in the Margin at the ſecond Step, is inſtead 
ergo; and imports that the Rectangle of the two Extreams in 
be firſt Step, is equal to the Rectangle of the Means. And ſo 
yr any other Proportion. | Pos 


>... — „„ 


Set. 3. Of Patmonical Proportion. 


ARMONICA L or Muſical Proportion is, when of three 
Quantities (or rather Numbers) the firſt hath the ſame Ratio 
0 the third, as the Difference between the firſt and ſecond, hath 
ate Difference between the ſecond and third. As in theſe fol - 


wing, 4 


| Suppoſe a, 5, c, in Muſical Proportion. 
ee i tne: ces 
1. [21404 — ca 2402412 


N. 
2+ 


* I IR 


- 
% 22 — 


— 


Algebra. 


„ Part II Hoap. 
22 3|ch=2ac—ba _ 

a 4 —— a, the firſt Term. 

3+ba 5 2ac=cb+ba F fo 

| Yr TD EW | Proj 

5 - 977 6 gs 7 b, the ſecond Term. equ: 

g—cb|n[2ac—chb=ba 10 Eu 

ba For 

I —2@—c 3 2 — = c, the third Ferm. en 


1 


If 1 are four Terms in Muſical Proportion, the firſt ha 
the ſame Ratio to the fourth, as the Difference between the fi 
and ſecond hath to the Difference between the third and fourth, 


That is, let a, ö, c, d, be the four Terms, Oc. 


Then 4: d:: 3— : d—c 
15 db—da=da—ca 
22. db=2da—ca © 


| | db 
3+24=c| 4] 


„„ 
24 — c 


24 4 — 4 4 
1 4 . 
db+ca=24da 
ca=2da—db 
228344 — 46 


d. 


37% 


3+ca|- 
6—db 


7 e. 


HA P. VII 


of Proportion Disjunct. and how to turn Equation int 
Analogies, &c. 


PROPORTION Dinjund, or the Rule of Three in 

Numbers, is already explain'd in Chap. 7. Part 1. And 
what hath been there ſaid, is applicable to if Homogeneon 
Quantities, viz. of Lines to Lines, He. 


Dr: 


Sec. 


- 


_ 


tl 


2 A 
_— 


—_— —— — —— 
— a 4 — * 


a — 
* WS ne 


F four Quantities, (viz. either Lines, Superficies, or Solids) be 
proportional: the Rectangle comprehended under the Extreams, 
equal to the Rectangle comprehended under the two Means. 
For Inſtance, Suppoſe, 4. 5. . 4. to repreſent the four Ho- 
jogeneal Quantities in Proportion. viz. 4: U:: c: d; then will 
Ig be. For ſuppoſe b=2a, then will d=2c, and it will 
424: c: 2 c. Here the Ratio is 2. Butax2c=2a xc. 
z, 2ca=2ac. Or ſuppoſe 5 = 3a then will 4 == 3e, and 
will be a: 34 :: c: 3c. Here the Ratio is 3. But a X 36 
za xc. vix. Zea=3Zac, Or univerſally putting e for the 
tio of the Proportion, viz, making be, then will d ce, 
dit will be a: e:: c: ce. Butaxce=acrxc, viz. ace 
gec. Conſequently, ad=bc which was to be proved. 
Whence it follows, that if any three of the four Proportional 
Nuantities be given, the fourth may be eaſily found; thus, 


Let fs: :: e | 
I''|2|ad=bc as before FLY 

: be h 

2243 1 1 


| 4 
2=c\ 4 = 


N 
it 
tp 

1 

'F 

Th 

j * 

23 

45 4 
177 
[1 1 

*21 
Lo 

| 47 


-- 


224 : <NC | Note, In this Manner Racks, in 
7 4 his 5 th Book, expreſſes the Ratio 
| 55 of Proportionals, viz. the Ratio of 
77 b 4 e 
21418 
e 


DJ] H | 
[| 


þ | 8 A 
a to b is 7 
3 . 
- — — — ON 


If four Quantities are Proportionals they will alſo be Propor- 
mals in Alternation, Inverſion, Compoſition, Diviſion, Con- 


tion, and Mixtly, Euclid 5. Def. 12, 13, I4, 15, 16. 
That 


_ Algebza: __ Part 


if, rqa:b::c:4 be in direct e 25 before 

Then] 2[a:c::56: d, alternate. For à d be. , 
And] 35: 4: : C: G, inverted. For ad=þc 

Alſo 4]a+65:5::c+4:; d; compounded, 

4 *.*] 5| da 72 7516750 that i is, ad be, as befor, 

5 Or 6 my : b+ d: d; alternately compound. 
HARE. A el, that is, ad=bc, 

Again, 8 | 11 5 :: c- 4: d, divided. | 
„ ad —bd=bc—bd, that is, ad=bc, 


Or 10A - ::: 6 — : d, alternately divided, 
180 IT ad—cd= 3c c d, that is, a d be. 
And 1243: 5 K: c: 470 converted. 
0%} 12 adEac=be#as, that is, ad=bc, 
Laſtly | 14 | a6: a—b::c+4d;c—4, mixtly, 
14 „ j 16 ac—ad+bc—bd= tenbad—beod 
5X i6|2bc=2ad, that is, a d e; as at fil. 3 
— MK: 
Note; What has been ben 4 about whole „ in At 
Simple Proportion, may be eaſily perform'd i in Fractional ar i 


tities, and Surds, Cc. | - | 
ln 

For Inſtance, If : = vs 44 „ and if it be required o ica 

0 4 

find the fourth Term, it will be —— the Rectangle 6f the * 


Means ; which being divided by the firſt Extream 25 Will be. 


ab\ dd—ce d- ee ddm—c 
tt as 5 8 eds abf 
Or if 5: if Y: Ve: : 4/ bd+bc : to a fourth Term, The 
is, LATIN bd bc=b44 the Rectangle of the Means; 
Hand 6) bd-þ-bc (d-+c the fourth Term. That is, b: V d 


e 4 Te, &c. 


3 5 
the fourth Term.! 


_ 1 1 3 " = 
, _ — 


= _ of Duplicate and Triplicate Propoytin 


T H E Proportions treated of in the laſt Section, are to be un 
derſtood when Lines are compared to Lines, and Superficie 
to Superficies; or Sglids to Solids, viz. when each is comparedt0 
that of it's like Kin » Which is only called Simple Proportion. 


But WM 


_— IAA | — — 
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But when Lines are compared to Superficies, or Lines are com- 
pared to Solids, ſuch Compariſons are diſtinguiſhed from the for- 
mer, by the Names of Duplicate, and Lriplicate, (&c.) Propor- 
tions; ſo that Simple, Duplicate, and T riplicate, &c, Porpor- 
{ns are to be underſtood in a different Senſe from Simple, Double, 

reble, He. Proportions, which are only as 1, 2, 3, &c. to 1; 
but thoſe of Simple, Duplicate, Triplicate, &c. Proportions, are 
hoſe of a. 44. 444. &c. to I. Or if the Simple Proportions 


— or | 
' is a2 


de that of a. to 5, whoſe Ratio or Exponent is 


24 Bn . 
x 7 xy the Exponent of the Du- 


5 X ; = 7 is the Sens of the 

riplicate Proportions, &c. | 

And if there are three, four, or more Quantities in ==, as 
. 4. 44. 444. 4. 4, &c. (as in the firſt Series, Sect. 2. of 
he laſt Chapter.) Then, that of the firſt to the third, fourth, 
nd fifth, Sc. (viz. 1 to aa. aaa. at . a?) is Duplicate, Tri- 
licate, Quadruplicate, &c. of the firſt to the ſecond (viz, of I 
o ;) and by Inverſion, that of the third, fourth, fifth, is Du- 
licate, T riplicate, Ic. of that of the ſecond to the firſt (a to 1) 
er Def. 10. Eucl. 5. But the Name of theſe Proportions will 
ppear more evident, and be eaſier underſtood when they are ap- 
lied to Practice, and illuſtrated by Geometrical Figures, further 
n. 5 | 


_ 1 
— * dt : bY * 


* 


Sect. 3. How to turn Equations into Analogies. 


RO M the firſt Section of this Chapter, it will be eaſy to con- 
ceiye how to turn or diſſolve Equations into Analogies or Pro- 
ortions, For if the Rectangle of two (or more) Quantities, be 
ul to the Rectangle of two (or more) Quantities ; then are 
ioſe four (or more) Quantities Proportional. By the 16 Eucl. 6. 
Lat is, if 2 50 c d, thenisa:c::d:b, orc:a::b: d, &c. 
tom when there ariſes this general Rule for turning Equations 
ito Analogies. 8 5 


C C RULE. 
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Pan ll. 


Divide either Side of the given Equation (if it can be dont) iny 
two ſuch Parts, or Factors, as being multiplied together will produc 
that Side again; and make thoſe two Parts the two Extreams, Thy 
divide the other Side of the Equation (if it can be done) in th; ſam 
Manner as the firſt was, and let thoſe two Parts or Factors de f 
two Means, 


For Inftance, Suppoſe ab Tad = d. Then a :5:: d :b44, 
or h: a:: Bd: d, &c. Or taking ad from both Sides of th 
Equation, and it will be ab=bd—ad; then a: d:: -:). 
or, 5: d:: b—a:; a, &c. © 
Again, ſuppoſe aa+2ae=2by-yy. Here @ and a+2: in 
the two Factors of the firſt Side in this Equation ; for 41; 
xa=aa-+2ae, | 3 
Again, y and 25 ＋y are the two Factors of the other Side; 
therefore, 4: :: 2b ＋π : at 2e, or 2b-+y :.a-+2e::4: y, ke, 
MWWben one Side of any Equation can be divided into two Fadon, 
as before; and the other Side cannot be ſo divided, then make the 
Square Root of that Side either the two Extreams 'or the two 
Means. For Inſtance, Suppoſe BSA AAN, then þ: 


dag: dag: c+d, or / dag: b: :c＋d: / da, &. 


— - A. — 4 4 . — : bd . N — © * = IP _— 


| ( 
"CHAP. VL . 
Of Subſtitution, and tbe Solution of Quadzatict | 
\ +: e NN . --.. 
Sect. 1. Of Subſtitution, A 

4 1 0 
W HE N new Quantities not concerned in the firſt Stating o 1 
any Queſtion, are put inſtead of ſome that are engaged ine 
it, that is called Subſtitution, For Inſtance, If inſtead df Fr; 
\/bc—dc you put z, or any other Letter; that is, make 23 4 

Ic Ac. Or ſuppoſe aa ,- -c da de, inſtead ofb—* 

-+ put s, or any other Letter not engaged with the Queſtion — 


diz. Sb cd, then aaa dc. That is, if c be * 
$a : | p i 5 a 


* 
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han 54, it is aa ar dc; but if 544 be greater than c, 
Iden it is 2a-5a=dc. 


And this way of ſubſtituting or putting of new Quantities in- 
dead of others, may be found very uſeful upon ſeveral Occaſions ; 
«da MY viz, in Order to make ſome following Operations in the Que- 
Dal fon more caſy, and perhaps much ſhorter than they would be 
n vithout it, 25 you may obſerve in ſome Queſtions hereafter pro- 
i: WM poſed in this Tract. _ 1 | 

And when thoſe Operations, in which the ſubſtituted Quanti- 

ties were aſſiſting or uſeful, are performed according as the Na- 
ure of the Queſtion required, you may then (if there be Occaſion) 
f the bring the original or firſt Quantities into the Equation, in the 
a: Place (or Places) of thoſe ſubſtituted Quantities, which is called 
Reſtitution, as you may ſee further on. \ 1 
+2e * 
dar; 3 
e ed. 2. The Solution of Qua dꝛatick Equations, 
don, 2:9) | MF 55 
e the WI EN the Quantity ſought is brought to an Equality with 
two thoſe that are known, and is on one Side of the Equation, 
1 i no more than two different Powers whoſe Indices are double one 


to another, thoſe Equations are called Quadratick Equations Ad- 
ſected; and do fall under the Conſideration of three Forms or 
Caſes. | | | | 7 | 


Caſe 2. aa—2ba=dc. a*—2ba*=dc. 
Caſe 3. 2ba—aar=dc, 2ba* —a*=dc. 


; a5 +-2ba* de. a8 4-2bg* dc. 
Alſo J a%—=2ba3=dc. > Andy a* —2ba*=dc. F &c. 


2ba* - Ac. 2ba*—a* =adc. 


Caſe 1, ee. „ za dc. 
And 


When there happens to be more Terms in one of theſe Kind 
of Equations than two, and the higheſt Power of the unknown 


g Quantity is multiplied into ſome known Co-efficients ; you muſt 
d in reduce them by Diviſion; as in Sect. 4. of Chap. 5. and for the 


a ractional Quantities that may ariſe by thoſe Diviſions, ſubſtitute 


mother Quantity doubled. 


. For Inſtance, let baa+caa—ca—da=dc+cb, then 2a — 


100% Jeb 8 ; 
ate! N= * Make Fj 2.x, and if you pleaſe, 


ar Cc 2 for 


— . — 
2 — 2 —— eee 
> — —V— . —d 


K 7˖r[ v＋ĩ—n d 


is done by Subſtitution; thus, always take half the known C. 


r cn og —— — —ů . — — ns n = . 2 2 - 
N 5 5 — —— 2 ris 5 4 
Aeon. Foe TI ao, ä — — — — EO EEE En II - ou Og, 
ray — 2 * — — — — — * — — Eäũ—ä — —— — — — — ———— — - Pg a 
* * ry, 8 0G — ” 5 LAS 4 — by 
K 3 . 


Let | 1 | aa42ba=dc Cale 1. 
Put 2A T=. | 
2 &* | 3 | aa+2ba-þbb=ee 
— I | 4 | bb==ee—dc 
4+dc|]5 [ee bd 
5 uu | 6]e=vVbb+dc | 
2 and 6 | 7 | a+b=\/bb+dc, per Axiom 5. 
T2 —bl8| a = dc: —b 
Again. 
Let | 1 | aa—2ba==dc Caſe 2. 
Put | 2 | a—b=e: 
2&' | 3 [a - 2b aA bree 
— I | 4 | bb==2ae—dc 
4+dc | 5 teemdet-bb 
5w'|6|e=y/dcÞ+bb 
2 and 67 a—b=y/ dc+Þb 
7 +bI18la=b+y/ac+bb 
In Cafe 3. From Half the known Co-efficient ſubſtract it' 
fellow Factor, 
T hue, Let | 1 | 2ba—aa=dc 
Put 2] -= T 
20˙ 3|bb—2ba-kaamee 
I＋3 | 4 | bb==dcee 
4—dcl 5 |eetbb—dc 
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— | 5 
for 1 ; put 2. Then will e be the new Equs. ; 
tion, equal to the other, kay now fitted for a Solution. 
Now any of theſe three Forms of Equations being thus pre. g 


pared for a Solution, may be reduced to ſimple Powers by caftin 
off the ſecond or loweſt Term of the unknown Quantity; which 


Efficient, and add it to (Caſe 1.) or ſubſtract it from (Caſe 2.) it 
fellow Factor; and for their Sum, or Difference, Subſtitute ang- 
ther Letter; as in theſe. | 


\ 


jw 
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hap. 8. 


pL 5 un 6 [eV bo—dc 
Js 2 and 61 7 | b—a=y/ bb—dc 
7 +a 8 D a- dc | 
15 7, &c. 9 a=b—\/bb—ac | 
altin a * 


in the higheſt Powers are a*, a®, as, &c, As, for inſtance, _ 


Let 1 44 La 4. Caſe 1. 
Put | 2 | a? KCS e 

28 | 3 | a**2ba3 Te. 

3—1 | 4 | ee dc 
4+cd| 5 | eebb+de 

5 6 e = bbc 
2 and 6 | 7 2 Sd 
758 Se —3 

lg PSs : v/bb+dc: ane 


— 


— 


add, or ſubſtract, according as the Caſe requires. 
But all Quadratick Equations may be more eaſily reſolved by 
| compleating the Square, which is grounded upon the Conſideration 


of raiſing a Square from any Binomial, or Reſidual Root. (See 


SQ. 5. Chap. 1.) Viz. if a+b be involved to a Square, it will 
be aad-2ba-bb; and if a—b'be fo involved, it will be aa— 
e Whence it is eaſy to obſerve, that aa4+2ba=dc 
(Cafe 1), and aa—2ba=dc (Caſe 2), are imperfect Squares, 


that if half the known Co- efficient be involved to the ſecond 


the unknown Side will become a compleat Square. 


Here half the Co- efficient 
Thus Let II aa+2ba=dc ö 2b is b, which being ſquared, 
A O  Cin88. -; 
1+2|3| aa+2ba+bb=dc+bb Caſe 1. 
3w* | 4 245 . as before. 


Again, 


And this Method holds good in thoſe other Equations, where- 


The ſame may be done with all the reſt, Care being taken t. to 


wanting only 5 to make them compleat. And therefore it is, 


Power, and the Square be added to both Sides of the Equation, 


TIN 1 , 5 am — * R 
3 , "EH L 5 TE TR s IT 4 
Fc 2 — . On, 5. Ln : * . : 
fo. — 1 2 . 0c. 2 — teins — WTO. — — 
— - * r th ” n — 
2 — oa ' WR CE a> 2 29 — — ——_— f N - 6 
_ — —-— mai = p e — * — — 
5 Y 2 , EE 8 5 $ — ————————— —— yy F 
* * 8 8 — 7 TICS" 
—— _ —— — r — RM 4 
. 9 . . : * . = — 


# 
$ 


a 

1 
FEES 
; 
£ : 
4 
, 

2 
5 1 
; 
4 
{ 


Pam ll 


Ageba. 


Again. | Th 

7 Th 

Let III aa—2ba=dc Caſe 2. An 
.-But-1.-2 bb —<bb _. £ Th 
14313 aa—2ba+bb=dc-+bb Ag 
3w* | 41 a—b=y/dc+bb, &c. as before, Th 


But in Caſe 3. you muſt change the Signs of all the Terms 1 Tl 
the Equation, MEE 


Thus | 1 | 2ba—aa=dc Caſe 3. of 
1 +|2|aa—2ba=—dce . 11 
Then | 3 | aa—2ba-þbb=bb—dc, &c. | uh 
* — Me 
And this Method of compleating the Square, holds true in thoſ 
other Equations, 
Vix. | Ii} aacaa+2baa=dc Caſe 1. 2 
For | 2 | _ bb=bb, as before. — 
T-+2|3|aaaa+2baabbb=dc+6b 
8 PII”. Dane N 
F. e i nifie 
4—515 aa = dc bb: —b 195 oom 
5w*|6la=v:Y/ dcþbb: —b, and ſoon for the re, f 
— AT 1 877 | NE a Th wy 0 | 
Or let | 1 | a®$-4-2baaa==dc, as before, Caſe 1, 
And 2 Bi 
T-+2|3]e*þ2baaabbb=dc+bb 6 
I wp? 4, aa = dc+bb ch 
4-5 Sa = V dc+bb: —b B 
5w? 6 A=: deb: —b, &c. 0 


COROLLARY. 


Hence it is evident, that whatſoever Method is uſed in ſolving 
theſe (or indeed any other) Equations, the Reſult will flill be the ſame, 
if the Hark be true; as you may obſerve from the Operations of thi 
Section: for both theſe Methods here propoſed, give the ſame Theorem 
in their reſpective Caſes for the Value of (a). 


Thus 


Sin 


10k 


9} 
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Thus, when aa-+2ba=dc, then 
Theorem I. ag dc ow" 
And when aa — 2b. c, then 
Theorem 2. Ec 
Again, when 2ba—aa=dc, then 
Theorem 3. a=b—y/ bb—dc 


The like Theorems may be eaſily raiſed for the reſt. 


If the known Co-efficients (of the ſecond or loweſt Term) be 
ny ſingle Quantity, as aa+ba=4c,. &c. then is 5 b it's Half, 
ind 1 66 wilt be the Square of that Half; that is, 1 ) x 5. b = 4 bb, 
and then the Work will ftand et 


Thus | 1 | aa-þbe=dc 
1C-0 | 2 | aa+baþibb=dc+E3b 
2 w* | 3 | a+3b=v/ dc+56b 
41la=v dc+46bb: — 45, and ſo for the reſt. 


Note, C U placed in the Margin againſt the ſecond Step, ſig- 
nifies that the imperfect Square aa+ba in the firſt Step, is there 
compleated,” viz. in the ſecond Step. 3 

Now by the help of theſe Theorems, it will be eaſy to calculate 
or find the Value of the unknown Quantity (a) in Numbers. 


EXAMPLE Ko 


Suppoſe aa+25a=z, Let b=16, and z=4644. 
then O L: —b. per Theorem 1. 
But z+bb==4.644-+256= 4900, and  4900=70 


Conſequently 4 = 7 16, viz. a=54. 


But every Adfected Equation, hath as many Roots (or rather 
Values of the unknown Quantity) either real or imaginary, as 
are the Dimenſions (viz. the Index) of it's higheſt Power ; and 
therefore the Quantity a, in this Equation, hath another Value 
either Affirmative or Negative; which may be thus found, 
The given Equation is 44 ＋ 324=4644, and it's Root a=54. 

Let theſe two Equations be made equal or equated to 0, viz. 
to Nothing, | . 


Thus, 


a 
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Thus, 20 ＋322— 4644, and a—54=0. | 
Then divide the given Equation by it's firſt Root, and the 
Quotient will ſhew the ſecond Value of a. 


Thus, — aa+324—4644=0 (a+86=0 


I: 

aa—544 =” Ag 
—+ 864—4044 972 — 
86a—4644 _ of the! 

Wo Pe the o 

Theol 


| Hence the ſecond Value of à is =— 86, or 86 =— a which den 
ſeems impoſſible, viz. that an Affirmative Quantity ſhould be | 
equal to a Negative Quantity; yet even by this ſecond Value of 
a, and the ſame Co-efficient, the true (or firft) Equation may by 


formed | 
Thus, Let 1| a=—86' | | | He 
1 @*|2] aa=-+7396, viz, —B6bx—86=+736 8 No 
Ix32|3| 324 =— 2752 Ke have t 
2 +31 4laa4+32a=4644, as at firſt, wil g 
| 4 Oe ee ee accor 
EXAMPLE 2. F 

Suppoſe | 1 aa—7a=948,75, then per Theorem 2. 

1Co|2|aa—7Ja+Z=948,75+P =g61 Fr 
[ 2w? | 3|a—3 (or 3,5) =4/gbI=31 We: 
e 5 f the 


—— 


Again, for the ſecond Value of a, let aa—7 a—948,75=0, 
and 4 — 34, 5 0. Then 4 — 34, 5 ) 44-74 — 948,5 
(4 E27, 5 O. Conſequently this ſecond Value is 22 —27 
which will form the original Equation, aa—7a=948,75 if it 


be ordered as the laſt was. In 


EXAMPLE 3. 


| Suppoſe 36 4 — 4 4 2 243, then per Theorem 3. a =18 
324 — 243, viz, half 36 ſquared is 324, &c. that i, 
a 28 - 81; but / 861=9, therefore a = 18 —9=0- 
Now this third Form is called an ambiguous Equation, becauſe 
it hath two Affirmative Values of the unknown Quantity (a) 


both which may be ſound without ſuch Diviſion as " " 
| | | efore, 


— a 
Chap. 8. Of Quadzatick Equations. 
dre. For in this Caſe, a=18+y/ 81, viz, a=18+9=2 
- a=18—g#=9), as before. And both theſe Tau of a 7 
equally true, 25 to forming the given Equation ; viz. 364-44 
—243. For if a=9, then aa=81, and 364=324; but 324 
—$1=24% therefore a2 e. act's 
Again, if a=27, then will aa=729, and 36a=974: Bat 
97729 = 243, conſequently it may be, 4 227. Now either 
of theſe Values of a may be found by Divifion, as thoſe were in 
the other two Caſes, one of them being firſt found by the 
Theorem. Thus, let 364 —aa— 243 =o, and 9g —4 o, 


a 


201 


icht then -r o) Zba—aq—243=0 (a—25=0- - | 

be 04—aa 5 | 

off 274 —0—2433 

1 . 
r e 58 


Hence, if 2 2 g,, then a2), as before, 
Notwithſtanding all Quadratick Equations of this third Form 
hve two Affirmative Roots (as in this) yet but one of thoſe Roots 
wil give a true Anſwer to the Queſtion, and that is to be choſen 
according to the Nature and Limits of the Queſtion, as ſhall be 
ſhewed further on. N 3 8 


SCHOLIUM. 
From the Work of the three 47 Examples, it may be abſerued : 
that the Sum of both the Roots will always be equal to the Co-tfficient 
thur reſpective Equations, with & contrary Sign, 
Thus, In Example 1.  aa+324=4644 


96 


0 

I Here a= 547 
p And a=—B6 510 
F 24 32 


In Example 2  aa—7a=948,75 
Here = 34,5 c Add 
And 22 —27, 
2a=—+7 . 

In the laſt Example 364—aa=243 

Which was changed into 44 — 36a=—243 

Here a= 9 : Add 


And 42227 1 
„ 8 
D d 1 Hencs 


| 
| 
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aaa 


Chaj 


other may be eaſily had without Diviſions, 
Ik the Contents of this Section be well underſtood, it vil! 
eaſy to give a Numerical Solution to any Quadratick Equaicy 
that happens to ariſe in reſolving of Queſtions, &c, And 2; for 
giving a Geometrical Conſtruction of them, I think it not yy 


, 
. Lone 
” by 5 7 


\- 21 . 4 


"Hance it is evident, that if either of the Roots be found, . 


per in this Place; becauſe I here ſuppoſe the Learner wholly long 
rant of the firſt Principles of Geometry, therefore I ſhall ref 
that Work to the next Part. ED | | 


3 . K Fay 111. 8 


— 8 


CHAP. IX. 9 
Of Analyſis, or tbe Method of reſolving Pꝛoblems eren 
Pliſied by Variety of Numerical Queſtions, 
| N. B. E RE | 1 adviſe the Learner to make uſe always of the ſan 
Leiters, to repreſent the ſame Data in all Queſtimm. I. 
9 If a repreſent any Number . 1565 
Vix. And e repreſent a leſs Number For other Quantity 
.f a+e=s their Sum. | 
a—e=d their Difference, 
ee their Product. 
I ben let 4 - — 7 their Quotient. 
| Aa-bee=2Z the Sum of their Squares. 
aa -er the Difference of their Squares, | 
Any two of theſe ſix (s, d, p, 4, 2, x) being given, thence t - 
find the reſt; which admits of fifteen Variations, or Queſtions, 
Dueſiion 1. Suppoſe 5 and d were given, and it were requie il 
by them to find 4. . p. 9. 2. and x. I 4 
_ 11] ae=s?_ 1.5 240 
Let i > | — and ſuppoſe q 4819 2 Then | 
1-2] 3] 2a=5+d=432 
ho 4 Ah I2 
3982114144 2 = = 216, here a is found. 12 
125 20 -d 48. 


97 
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$55) 6 2 = = 24, here e is found, 
7 „ 6184 here is found, 
; 46 8 == = 9% here f is found. | 
pry 2 Le = 46656 
. e 
9＋ 10 11 aa ee 2. 21 found. 


g— IO I2 ,aa—ee=sd=sx=a 46080, x found. 


Quetion 2. Let 5 and y be given to find the reſt, 


That 81 10 eee le. e. d. 7 ILY 
16*] 3 aa e e ee & 57600 e 
2x4| 4 446=4p= | 207.36 Py 
3—4j 5 | aa—2aeHee=s—4 = 36864 
5w? | 6 | a—e= 55—4p=d=192 
1+6 7 2a=5+y/ 55—4p 3 
772814 = T . hence a=216 


1— 6 fi 9 26 55—4Þ 


3 To 1e A, hence e= wy” 


— N? 


ce te 
Ons. 


Uulre | 9 3 7 * 2998 — 4p? MED 12 

a 8 @? | 12 | 44= EY. : ——þ 
| ” | 

3 — 
— = "PONY: 
aa hee == — 2 = == 47232 


| 2 4 — 


1 


* 


. 
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Part ll 


by. ws * 


Re We TO 8 ele 


— COTE 0 


* 


Nele 3: Suppoſe s and q are given, to find the reſt, 


— 


— 


eln . =240 | 
* | A 1 Je. p. z. x, 
3 
2.x 01 Ione 
1—31 4$]e=s—ge 
+ T9} 5 Je er, | 5 
57171 | 8 1 2 n. for g ＋E Ie ge. 
Ss 7 55 
1 4 e 
6„ 71 814 * 
A # Thats bak e 
—6| 912 — 2 —— = 
"IE = 
G. | 10 335 e 
: | ao +t2gt1 
| 53 
602 |11]ee= 
J mie 
= „ „„ 
10 411 [123232414 K2üñ„ͤ 22 
T 1 1172727 
FCC 
IRD. 


3 S | 1 2 . =240 + : 
Vn. 4 2 2e ＋. 47232 Quereo,9.d. . 
18.23 aa+2ae+rem=ss 
3 —2 4 28 =5 $=wy ; 
2—4 544 23 Ke eg 22— 
5 un 6 14—. =y/ 2-4 
„ _ z + 


£07 


— 


Qugftiom 4. Let 5 and x be given, to find the ref 


1 


A2 


2 5 


E Numerical 


* 
125 
16 


972 


e — 


2a=5 +2; 22—55 | 


— $$ 22=57 


2 


„ 
3 - 


| The reſt are found juſt” as in the 2d Duftion; the 8 and o 
teps here — the very ſame with the 8 and 10 Steps there. 


vt + 


Due fo 5. When 5 and x are given, ; to find the rfl. 


rel 


N 


a err | 
AG—e=zX= 45992 lee e. d. 5.7. 2. 


| * | 
PERS 7 d, viz. ae) 4466 (a—e 


$5 — x 
8 T2 
N 5 


—2 2 x x 
—_— + 


— , — 


r r ² i W — n. . Ss 
2 — — 8 ” "= — — 2 FP ps agen a 


* a r Ws WY 2 * 


. e 5 8 SY * 
»— N 
* * N . nw * 
„ 0 I TT . % 2 , - . ; pu 
. p * # { : : % 
= C y 1 8 . * 
av Nr > 4: Lay 2 — a On N rn 


— 


ET l 


hap 
—_— Suppoſe 4 and 5 2 are given, to find the reſt, | 
Vz, J I | a—e=d= 192 to 

iz 1 Seel 


2 | ae=þp=5184 
x ©* | 3] aa—2athee=dad 
2x41 +. "Sae=4p © 
23+4]| 5 %% % 
c Su Ofabe=vdd+ap=s . 
6 +1- I A 4/44 +4 | 
e 1 


1 be. "= Red | 5 ; | — 


3 9 2 dd +4pv —d 
| , 


2 


18 2 TY 


8.2.10 11} = — 
7 e 
88.12 475 „ ill 


12 ＋ 13 FFA 5 
12 — 13 SL | 


Queſtion 7. Let d and be given, to find the rel 


. | 1 a—e=d= 192 Ny 3 
Pi) N - 8189 [OED 
2x4] 23ja=gec. wy | | 
14A Ae 
3 and 4 5|qe=d+e 0 
5 — e 6|qe—emzd 
e,, 5 _ for "iN = 
hs 7 | == pwn, 0 . x 4217 
b I+7] 8 a =d4 + Wit ESR. 72 
717 —1 271 
q9d4-+d 
yi N a bem LIE = 
n 


Dueſtion 8, Suppoſe d and z given, to find the reft. 


1 far dd 8 2 
Vi. 2 — } Quere 0. . s. 8 * 
„823 aa—2aehSee=dd | 
2 — 3]. 4]2ae=z—dd | 
* . 5 1 
5 un- r | 
1＋ 6 7j2a=d+y/2z—dd 
7+ i 
6—1 92 = , . 
| _ 4: | / 2z—dd—4d 
09 —=z|10]e = Sm Mm mm 
e „  - 
8 ũ 10112 5 = 
8 @-* | 12 422 LET — 
4 z—4v22—4d 
| 13280 = —— 
14 aa—remdy/Iz—dd=x 
15 EL d4+v/2 add - 
on —— 


? 


, 7 a 0 
$ * — 


. * oF, N 2 7 * "Rt * 6 s «4 4 1 
. 
| S 4 ; 1 „* 3 — * 1 2 
. . 6 _ N - 9 
o n & 1 4 . 1 
, 0 g r 
=. 2 | 
eee | art I] 
* * 7 
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Dueſtion 9. Let 4 and be given, to find the reſt, 


T a — e=d= 240 
vir. | 2| aa—ece=x=46080 Ie f. 


Ae a 
. 24 
0 
x— da 


| ET . 3 
221 3 a + e= 7 =, VIZ, a=) aa==ee (a; 
4 


E 
2 | 
N 


N 
& 


1 


. L 
5 of 0 & = vrop—_ 44d 


PA | exx—2d dx 
1 


68.2 [10] e 8 = —— — 


e 3 | 
ris. © : TOY ns 1 


„ 9 bal of ed Ah... 


——_ — — — — —— 
— —— — = — — mba ne IL ED ARS 
—ͤ—ñ— Bots 6 WR —— Sit} Ones 6 7 —— 


| ae a ' ane 
Ix2| 3 a9=gp, for 35 x 2 = 4 
| A 


3 un 444228 77427 . 


: 1 a Nat {ace 
1 +21 lore; he's oo. — 2 . 
V 1 V 


* i - ; 
_ — — 2 2 2 
— — ———— ——-— ä —h: 
** 


— — 


—. — ot — <a 
Os — — <4 


—— — — — — 4 — —ͤ 
_— 
1 
* 
- 
' 


4+ 6 7 evi 


* - — — N 
—— — PIR — 


Y 1 „„ 
—— 
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1 7 bes 2 5 
375 9 ener, * 
| 5 3 | | 
21 — 6 — 


Queſtion 1 1. Let p and z be given, to find the reſt 


ae=p=5184 
Fa. 22 =47232 Ps ke. 
1 * 2 24 825 | 
2+3 2 44% C27 
4 uw a+e=/ z-+þ2p=s 


aa—2aeSee=2—2Þ 
42 — 2 vz— 2p=d OT 
20=/EEIp+V EST 
6 


by — — e n . 2 5 
— * A . Fx 2 gow - * . > » * - 
l I - : : — — wie Sau? — SRO \ 
a 4. — 2 F gh A OS * - : * Fn * 
* — pe I l 
- — — — ID 383 — 


Þ 
| | 
1 

_ 


»D 
wo 
. W 


— 2 | 
5—7 10 2e V2 ＋ 29) — 9 2— 297 # 
— am. com 6ꝙ6LJ1——ͤä—— . * 
ne EY CAEILDLASSL | 4 
$44 Z +2 Vz—2d 
ufs: = LEENEV EST aq 
e V A- 2—2p * 
 2+/22—4þp 
6 | 13 |= ——— 
9 by 4 2 
| — 
2 — 9922 — 
181442. —— +PP 
| 2. 


Woſtion 12. Lot p and x be given; ; to find the reſt, 


{| 


16. 3 


a 5184 I . ur : 


aa—ee=x= 40080 
as ace = P 


E e 5 2 0. 


Algebra. | 


— Part Il. 
268 4 ee e — 
3x4] 5 +, Ear =4pPP 

'4+5] 6] aaaa-þ2aazehrereem=xxF+4pp 

6 un 7 a a ＋ , = RKI == 
2 + 7 8 2aa=x+V xx+4pÞ 1 
1 0 5 
e 9 . 2 f 
o 10 a= e 
5 —2 112 2 ⏑⏑ 
e 
II — 2 2 AE — 5 
— * 
12 w? | 13 e=V: 23 
| , . 

10 + 13 | 14 en wed, . + . 

10 — 13115 — OE 

9 L6H 


Queſtion 1 3. Having 9 and 2 given, to find the reſt, 


> 1 

. 1 17 84 2 3 Je. &c. 
2 3 

IX „ 314 =44- 

38 4. =4qqee 

2 —4 5 2 217. 
4 ＋ 76e 6 E | 
6-471] 7 ee 


1 
ee rr eee 


2 


CC. 


8 


. 14 


WY 
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211 
2 272 
AO = YZ — — — — — — 
l 
6 
11 ＋ 1 
77 ＋ 1 
„ 8 
a == : — 
Ten Nee opt 
| 772 2 ER 
a— . — ——/ — 2 
94+1 94+1 
3 
ae 22 — — — 
r p 


41+ r 


2 * 


Dueftion 14. When 9 and x are given, to find the reſt. 


7 


E 


121 


1 3 
ada—ee=x=40080 
a=9qe - 
aa=9qqee-- 
aa=x-þee 
S e = M Tee 
4% % — e 2 K 
| EE LS 
om 
9 
77 * 
. 
a = T 
e hf — ra # 
e 2 —— 
D PEE © am. 2 
„ 3 
ad 7 — —_ 
+ * 


— 
— ——E— 


212 | TTY Aigedea. 


_—_—— 


10 — 11 [13-8 44 2 — 
* . 


. | 92 xx 
gg "I F agg —299T! p 
6 — 1712— 2 
8 = 1cfagbee= —— =z 
Ty 5 | T r 


Queſtion 15. When s and x are given, to find the reſt. 


2 
| js 2 * 
| 1 22 422 47232 RT 2 az 61 
Fiz. 2 cate =n= 47g, $ Gr a. e. Kt. Le 
1421 3 Za a Z TEX 1 
32214742 do 
11 3 2e 2 — * 
„ Y — & . 
a ns a” 5 


4 w? 9 | N EEE 


2 
6w?| Bj fv — 
14+8] „ e Fav FE 
7-810 . op EDD = F 
7 111475 — 2 
7178 af =EE = 


— 


Theſe fifteen Queſtions are propoſed in Dr Pell's Ager 
but he purſues only the firſt Queſtion throughout, and break 
off in the other fourteen, after the Values of what J call e 
and 6 are found, But I have proceeded in every one of _ 
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© find the Values of all the unknown Quantities, becauſe they 
ford ſuch Variety, as being well obſerved by a Learner, will be 
bund very uſeful in the Solution of moſt Queſtions. ET 

Vote, J have choſe to uſe the ſame Numbers for the reſpective 
Value of each Quantity throughout all the Queſtions, becauſe 
they will be more ſatisfactory in proving the Work than various 
Numbers would have been, Not but that any Numbers may 
be taken at Pleaſure, provided that the Number repreſented by 
4, be greater than that by e, &c. I have omitted the Numerical 
Calculations purely for the Learner to practiſe on. 


tl, 


Nueſtion 16. There are two Numbers, the Sum of their Squares 
2368; and the greater of them is in Proportion to the leſs 
3 6 to 1. What are theſe Numbers? 


t. Let aS the greater Number, e the leſſer, and 2 = 2368. | 
Thenj 1 aaSee=% £1 . | 
And die e:h : I toy the Queſtion. 
2% 2}i1@=OGe 
36* 4 a a zee 
 I—4| 5|ee=z— 36 - 
5＋36 e 6] 37 ee=s | 
b+=37] 7 1275 60 48 
8 230 
J “ 8 — 3 —8 304 
7 w 5 7 77 64 
859 668 69 I = 48 2368 
3 and ꝙ l 10 la = 48 bo 


Queſtion 17. There are three Numbers in continued Propor- 
ton, the Sum of the Extreams is 156, and the Mean is 72; 
What are the two Extreams ? SS | Sa 
That is, Suppoſe @. mM in =» and m = 72. 

Then | I|j}a+e=5156=5Þ by the Queſtion. 


20 243: m:: n:: IOuære a. . &c. 
a „% 3 

bra; 18. [4A ＋ - 1 e ee 

eaks 


3x41 $4 49 m• i απ⏑ 


ST © + Agebza. * 0) Dua 


4—5 blaa—2aebee=ss—4mm I” 
6 un "7 a—e=vV$5—4mm. V 
1 +3. 8 22 = ＋ 5 S— 4 mm "XA lt P 
9 2 95 ic 41448 
| | | | 44 6 {ci | Or 
e Lone Lions cc = 48 e=1608 


2 


, 
— * * n — * N p q 
* 


Qughtien 18. There are three Numbers in =>, their Sum i 
4, and the Sum of their Squares is 1924 3 What are thode 


Numbers? — 1 | 
| That is, a, e, y are in = 1 
0 35 a e TY = 74 | | 
| Then 5 | 2 | aa+ee+jy=z=1924 C Quere a, e, ). 
| | 3 ee: 7 „ 
| | 5*,.*1 ATRJ=ce I 
I—e| Gap 5 — e 
| 2 — 8 e 1 
4 * 2 7 2 4% u 
. 6 +7] 8A TLZ tr 2 -e 5 
5 G. | gfaa+b2ay+yy=ss—25e-fpre 
8andg|iojzHee=ss —25e8-+e N. 
10 +| 11 ie =$45—=SL CL - |dtep) 
1 I | 5 | ble, 
11 — 25 12e —— =24 two I 
ä 2s 
| | To (See 
55 13] AaA-YY S — e 50 — 
138.5 14444 24 +yy = 2500 9 
 4x4115| 44J=408= 2304 oreff 
14—15|16]aa—2ay+yy= 196 3 
16w*|17 [a - = 196=14 Squat 
1341718 [22 = 50 + 14 = 64 1 
18 — Z}| 19 | a = 32 N 


dy = 32 


— 


13 — 19 20 y 50 — 32 18 


Note, In all Queſtions about continual Proportionals, (either 
| Arithmetical or Geometrical) where three Terms are ſought, tie 
1 Mean is the eaſieſt found firſt (as above) and if all the Terms be 
Affirmative, then it is equal whether the firſt or laſt Term be 
the greateſt, my 


A 


_— — . 
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— ä 
veftion 19. There. are three. Numbers in == their Sum is 
6 ; and if the Sum of the Extreams be multiplied into the Mean, 


that Product will be 1 . ; What are thoſe Numbers? 


1 


n 
Viz. L 480 ne by the due 
3 . x] 
1 * 44a y See. — 
Ixel 5 a eee ge 
T 5 —3| lee 
i 6 — e Tlee—SSer=—þd _ 
0 -Co| 8 ee—se+iss=4ss—þ 
8 u 9] e—ES=y/455—þ 
9 #P/I6 pk . e . 
2— 1011 a+y = = 
4 x/TÞ 224+ - 55 * 4 e 22304 
1187 132 4 2a y-þyy = 2704 
13—12]14|ag—2ay-+yy= 400 
14 w* 15 3 1306 
1II＋ 151622 52 +20 = W IETD-A..3 
16 217 4 36 i TO 406 
11— 17 | 18 y=52—36=16 and y = 36 


NM. B. If you take «= 14 455 —þ=52 (at the 1oth 
Step) then it will be 76 — 52 = 24 = @ +y, which is impoſſi- 
ble, viz. that the Mean ſhould be 8 than the Sum of the 
two Extreams. Therefore it muſt be = 1 - 455 —p= 24. 
(See page 201. * 


kk 


ps * — 


Queſtion 20. There are three Numbers in Arithmetical Pro- 
greſſion, the firſt being added to twice the ſecond, and three 
times the third, their Sum will be 62; and the Sum of all their 
Squares is 275; What are thoſe Numbers? 


he 


be 


Suppoſe | 1a, e, yin Arichwetical Progreſſion. 
21a 2 E = 2 
And = 2 2 bro =ans © by the Queſtion, 
Then | 4ja+y=2e, per Sect. 1. Chap, 6. 
2 — 45 [225 = 62 — 2 
5 2 6e T) 31— e 
6— 7 Z 31 — 2 
== 7 | $Ja=4e— 31 


8 U. 


"Ageing: © Part II 


3 — 11 
12 + 20e 
13 — 372 
14 ＋ 21 
15 08 
16 un? 
17 ＋ 
18 x 4 
8 and 19 

18 x 2 


7 and 21 | 


7 


ee 
yy = 961 — 124 ＋4 
44 20 — 372 ＋ 1922 

82372 — 20 — 1647 


218 3726— 1647 


21e — 372 — 9 
ge — Hb dear "2 


— 


hey" by fv) a. 


4 e= 36, or = 
— ZI =5z or 349 —31=3% 
2e=18, or 175 
y=31 —B=13, or > ths Rank 


Dueftion ; + 


There are thin Numbers i in Arithmetical Pro- 


greſſion; the Square of the firſt Term being added to the Pro- 
duct of the other two is 576; the Square of the Mean being added 
to the Product of the two Extreams, make 612; and the Square 
of the laſt Term being added to the Product of the firſt into the | 


| 35 ſecond, is 792: What are thoſe Numbers? 


| 


1 — 
- 
* 


5 


o &wu 3 8 my 


8 


3 


a, e, y in Arith. Progreſ. as before, 
aa+ye=%7 

4 ae the Queſtion. 
JJ +587 50.7023 

a+y=2e, per Sect, 1. Chap. 6. 
aepye=2Ce | 
aa+ye+yy +ae= 1368 
aa+yy=1308 — 20 

ya = 612 — ee 

254 1224 - 2e 

aa ＋ 25 ＋ 9 = 2592 — 4 
aa ＋-2) a T＋ =4cc 


47 2592 — 40% 


8 e = 2592 
e324 
N 324 = 18, the Mean 


aa4+yy=1308—2ee=720 
 2ya=1224—22e=576 


aq—2ya+yy= 720576144 


TI 


Tt 


| uting 


Vi 
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FT OY ne, 20 a —y=4/ I44 = 12 | 
5 +29 21 11 
21 — 2 22142 

5— 22 23 1 24 =12 


— 


Queſlion 22. It is required to find two fach Numbers, that 


== 12 
Ort Sag 


added to the Gone of the leſſer, may be 69215. 


= 8226 
Vin. 5 | 2 Lear! FQeerea and 


I 
2 
1—2 | 3] 44a —ae=1305 
4 
5 


ae =aa—1305 
_ aa—1305 
a 
6 at — 2610204 1703025 | 
= aa 
1—aa| 7 ee=8226,5 —a a 
* 42 — 2610 aa + 1703025 
„ aa 
98544494 *—2610aa+1703025=8226,5 2—44 
9 ＋ 0247 — 26103 ＋ 1703025 = 8226, 5 
10+ |11 | 244 — 10830, 5 4% — 1703025 
112 [12] 44— 5418, 25 2 —85 15 12,5 (5,765 
120 o | 13] af —5418, 254447 339358, . byn 048784. 
13 w* | 14 | a4—2709,125=4 6487845,7605025—254 
14+27 &c, | I5 4e 270, 125 +2547,125 7125) 
| Suppoſe | 16 aa=2709,125 +2547,125==5250,25 
Then | 17 | a=4/ 5256,25==72,5 
241305 5256, 25—1305 


1 


* — 


—=8220,5—aa 


ny 72,5 
Or let | 19 a =2709, 1252547125 =162 


10 w* | 20| a=v/ 162=12,72 &c. 
Then | 21| e = . which is impoſlible. 
1 12,72 
Therefore 4 725,5 
. * in 20 the 175th and 18th Steps 7 


his Jr e may be performed A lefs Tronkle. — fubſti- 
ting Letters for the known Numbers. 


aa ee = 2 3 
Vis, (po ne] Then 2 aha ae, - i 
211 


* 


the dum of their Squares may be 82263 ; and their Product being 


— 1 IIS I — 
* X (5 2 - 
- = * — 4 * 
. N. 7 7 W X ee 3 . - — 28 IZ — * 
r W a ä * n « 
nov" = Rt 8 7 * 
e 4 2 — — : — N — 
* — os 2 ** — — - 8 - 
b A . PR COR 
- 5 — — 2 2 — 


And 5, 18 e — — —— 65 | 


way How * 


"Is 
3 * _ — Pi 
rt Ly 1 ＋ I 
— — , Ar —— a" —— 
LIKE * N — — — _ — — — 2 
p | a 2, 8 7 
y n FR — LL ERIE 1 6 - 8 - 
8 


— Fon : 
wid — — 
W 


* 
4 
* | 
LF: 
M q 
1 
3? 
* 
1 


| 
| 


5 


—ͤ—U— — — — anos, 


— —ů—ð— ——— 


— —ũ—hũ— ꝗ ¶—üfV——ůů— ———I 


—— ng wg — —— —— erg Pace 


— 


5 — 5 — — - 
— ——— —— K—-— 
" mY — — brnns. 7 
. 


2 FFF ̃ p _ 
2 — ͥ — — WC — — — p ], — ht. at" 
* 
* 


a 


W EE... 


the Sum of the firſt and ſecond, being multiplied with the third 
may be 37824; and the Sum of the ſecond and third, multiplie 
with the firſt, may be 59944 ; alſo, that the Sum of the firſ and 
third, being multiplied with the Second, may be 52456, 


2 
— 


Dueftion 23. It is required to find three ſuch Numbers, that 


— 


Let a, e, y repreſent the three Numbers. 


L496 | I] ay+ey=37824=b 
Then 2 | ea+ya=59944=c ep Quzre a, e, y, | 
1 3| ae+ye=52450=dJ). 
1+2+3] 4] 24e++2az+2ye=b+c +4 
Let} ST UTA 5 l 
4 2 6 FFC I 
| 3 5 Con 
6— 3 aj 2 — 42 ANN Ae 3 
2 5 
i 
7 — 4 817 I 16 
2 4 
6 —2 gy =I + 
& Z 3 
6—1 10 1 ky 
— ) 
10 ＋ 4 11. | Qs 
| 85 „„ | „„ 
„ 2—24 x 4 —25 be S —2d—2b . FW 
1 2 * 1 3 were 
þ_{[=—2c K- 2d4Z — 26K ＋T43 4 you, | 
eee <> Rods Mone 
03.5% $401.56 2 Zz 44 —4Caa=22z—2d4z—2bz +46 ** 
. | zZ2—2dz—2bz+ 464d g 
2 = = FE . 
14 ＋ 154 E 55696 the th 
15 w*}16|a=v 55696 = 236 
11] 17 2 — . Ti 
= 5 "26. * 96 


and if their Product be added to their Sum, it may make 14. 


oy 1 1 — 1 


" Oueſtion 24. It is required to find two ſuch Numbers, that the 
Sum being ſubſtracted from the Sum of their Squares, may leave 


Let à and e be put for the Numbers, and let y g 


5 Ifaabee—y=l be 
Then} 4 1 Io 5 by by the Queſtion. 


— 


1 + 
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aa See=l4+y 


ae=I14—y 


3 
4 
4xz| 5 22 2 28 — 2 
6 
7 
8 


Chip. 9. 


4a 4a 24 ee = 42 —5 | 

4 ＋ = N 42 —y „ 

| a Te = by Subſtitution above. 

7 and 8 9 1 42 —py 

g &* [10|yy=42 —9 

10 +3 | 117% FI = 42 

110012 „B= 42,25 

. = x 42,25 = 6,5 

13—3z| 14|Y =6,5 —+=6 

Conſequent | 15 | a + e = 6, by Reſtitution from above. 

z and 14 1644 +ee=14+ b=20 

5 and 15 17 242 2 28 — 122 16 

16— 17 I8 | aa—2aebee=4 
18w |19|a—e=vV 4=2 


19 202428 ä 
35 1 pane h Prost Then aa tee 4— = 
r le 
. os . — to 2—— | 


— 


If S =I, nd 2 


— —Q_— 


1 


J 


Hugin 25. Three Men ti of hoe Money: faith 
the firſt, if 100 J. were added to my Money, it would be as much 
33 both your Money put together; ſaith the ſecond Man, if 100, 
were added to my Money, I ſhould have twice as much as both 
you, have; faith the third Man, if oO. were added to my 
Money, I ſhould have then three times as much Money as both 
ou have: How much Money had each Man? 

Let @ repreſent the firſt Man's Money, e the ſecond, and y 
gb the third. : 


| a+1i00= e + 
The + 


9 
e + „ S Kale the Queſtion. 
LS 224222 

e E- — 4 100 ==5 | 
be cee. e, y. 
3a ＋-3e — y = IOO =, 
＋ —a=3a+3e—y 
25 44-2 e 
24 — e = 5 — 44 — 2e 
ba-He=5s=100 | 
1I112@a+4e=25=200 : 
£3 WE, 10 $ 


acid, 
. 


— | : £ 
OO cow al þÞ ww Þ = 


— — — 9n>——gn—— = 


— — — Ir 


the ſecond Man's Money be added to the firſt and third Man'; 


m— — — 
— . — — —́ä—P 7 7˙*˙¾⅛ ³˙ůͥàuͤ ù ̃ OÆm e m — — 


— = —ův OP YI. 
—_ => —— 
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10 „4 12244 +4e=45= 400 
12— 1113224 = 2 5 = 200 


885 4 
— 221444 = * 11 1 


10— 62 15 e = — 62 100 — x 4 em 


8 2 2 10 „ ae = if + ur 


firſt 97, rs 
Anſwer. The 3 ſecond g Man had 345 J. 95. 
third 064 J. 125. 


3232 


Duel ion 6 Three Men bave each ſuch a Sum of Money, 
that if the firſt and ſecond Mens Money be added to Half of wha 


the third Man hath ; that Sum will be 921. And if the ſecond 


and third Mens Money be added to one third Part of the firf 
Man's Money, that Sum will be 921. Laſtly, if one fourth Part of 


Money, that Sum will alſo be 920. How much was each Man' 
Money ? | 
Put a for the 1/7 Man's Money, e for the 2d, and) for the * 


e 
Then 2. |3a-þe +y=s by the Queſtion ; and 5=92 
| 4 3 1 L N 
1 and 2 4 -e IY Jae - 
4 — 5 4 ＋ 2 = a 
5 2 „ 64 T 35 2 
6 e ne, 
2 * 3 8 2 ＋ 3e ＋ 35 233 
8 — 7 9/0 3e = 35-44 
9— 4 103% 23 3 —5 
10 3 11 = . 
VVIl eat 
12 — 2 13 334 7 =3 1 276 
13 and 714 354 +4a=3s=276 
14 * 315 11 4 a ＋ 122 = 95 828 
15 ＋ 2316 a == * = 361. the 1/7 Man's More 
11 47 (= — = = 321. the 2d Man's Mone) 
7 316% = = ="#= 481. the 3d Man's Ment 


** * 


Oui 


2 


| 
Shilli 
yentu 
founc 
make 
the le 
be tt 
Chilli 
what 


rom 


had I. 
hilli. 
Pu 
fourtl 
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Queftion 27. Four Men walking abroad, found a Purſe of 
chillings only, out of which every one took a Number at an Ad- 
venture; afterwards by comparing their Numbers together they 
fund, that if the firſt took 25 Shillings from the ſecond, it would 


— 
- 


the ſecond took 30 Shillings from the third, his Money would then 
he triple to what the third had left, and if the third took 40 
Shillings from the fourth, his Money would then be double to 


Com the firſt, he would then have three times as much as the firſt 
kad left, and 5 Shillings more: It is required to tell how many 


„ hillings each Man had. | ; 
at WY Put for the firſt Sum, e the ſecond, y the third, and # the 


fourth. | 


make his Number equal with what the ſecond had then left; if 


what the fourth had left; laſtly, the fourth taking 50 Shillings | 


rt „ . 
* | 1]a+25= e— 25 
oy 2]e+JO0=2y— 5 
* Then 40 LES 32 — 90 by the Queſtion 
1 7 4 ]#+50=3a—1454 
i IT925] 54 TSO. 
1 2— 30 6 i 
| 5 and 6 7]a+50=3y— 120 
7 + 120 8 a +1I70=3y 
3—40 10 |y = 2.4 — 120 
gand To{ ir {an=— 120 £2272 
1+10|12|aa= 1 4 220 = £53 
3 1 | 7 
12 L 713 2 4 
$— Jo I 4 u = 34 — 195 
132d 14 | 15 | 3a—195 = £599 
hey 15 * b 16 | 19 0. II70=a+530 
i0+][17|17a=1700 
ne A 17|18 |4=100 the 1/ | 
EI 10 a 3 1 
b che 45 2 * : 1 £ Man's Number of Shilnügs. 
7 by the 14421 | « = 105 4th 3 a 


\ Qugſtion 


** 1 = 2 _ * 
90 — 5 — 
* _ . . = he a 1 
8 * > N — , _ 4 a n —— —— — a n ” - " f Sous — — 2-00 
* 9 << — a . « eat ” 2 A . * (IS * . - n N r < > — — : 
Pp ©, ap nies, : _— — : "Mi 5 , 2 2 ". Ws 7 1 . . © Snefihny vac BY $a, oe — : — L * 7 ” 
. 3 1 IE, 15 E . 4 * 5 24 * "4 4 — 1 — bay: 7 - * - n 3 * 5 5 
e ** 5 9 5 OPS OO" e 2 — — 9 * - OT) — — — CIT ay.” — Ph a . — - — 
« * * - b Lg ED — — Fat pn — 


r 


— 
— 
— — 


= e 
— —— — — — . 1 * N o . — * RPG, N 5 — 4 5 * 5 
8 > 2 — 5 — 2 8 < 3 - = - — : 33 — Sg — 
ducts lfting....; wider 24 = . 3 — oy: . 7 = — . ä 1 
8 i deed Te ge ie retry ie, nc — * Ret SD 1 N Sr np. "EO . — e ids 
p 1 3 wee ry, £ - * 7 a — q 4 , N . ga FW v4 1 N A 2" 2 2 — 8 4 . 4 
8 lod 838 r 98 ͤ— Tt 9 — — 5 —B ͤ Pe — e EIS — rr 
2 , 8 . $I OE 2 — . 2 7 Sowa". al Ok oa, — . — . TEST 
nn ? — 2 . 2 ———— 


— — — — 


AX I 
- - 2 
— — — — 
"3 ; 


2 N. 
E 2 4 E 
— * 5 5 wage - "a 
- N — es 6. e ITE 
: e nl CE Geo 


in „ 


l 


' Ageba, 


Quęſtion 28. Four Men have each a Sum of Money, 
being put all together makes 250 Pounds; and if to the ff 
Man's Money be added 8 Pounds, it will be juſt as much x; the 

ſecond Man's Money decreaſed by 8 Pounds, and as much 20 
times the third Man's Money, and but as much as one eighth 
Part of the fourth Man's Money; how much had each Man 


Let a, e, 9, u repreſent the four Mens Money, 
ae y+uzs 


8 1 1 
Then 


3 


35 


Conſequently a + e +y + #u = 249 . 19 . 1 5990 
juſt 250 J. the Sum propoſed in the Question. 
N8&w what it wants of that Sum, proceeds from the Imperfection 
of the Decimal Parts being not continued on to more Places 
which would have brought it nearer the Truth, thoꝰ not perbap 
exactly ſo, Sect. 5. Chap. 5. Part 1. | 


which ſhould be 


2 
3 
ee 1 5 
5 [= Foo becauſe b =a +b 
6 


RE 2 ＋ 333, for 7 =p +b 
ep yy +u=me+ 26+ ＋ hab 
8$]eby a= —a 7 2 


42 + 2b+ 1 
DDA DBTATLUT DIALO 


5 II SBA T= 10, 530864 &c. 


— 


Which 


by the Queſtion, Let. 
= 250 and F=8, Or an 


a+b=e—b 
= - other Number at Pleaſure 


yo= 


—_ 


— 
2a ＋6 


a+ 


a+ 


2bad-bbac#=bs—bbb—2bb—| 
_ bi—bbb—2bb—b . 
11 
em=a+2b= 32, 691358 &c. 


„ 086479 ke. 


10 — 


= 16, 691358 Ke. 


47 . 's d. 
a= 16 13. 9,02% 
That i, 4% 3 13. 90% 
55 1 8, 74000 
1 197 10 7.40700 


Quin 
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nd third Man's Stock was 175 J. in trading they gain 48/. more 


— 
— 2 
— 
* Þ rp 


. ueſtion 29. Several Merchants enter into Partnerſhip, every 
1 * put into the Stock 65 times as many Pounds as they were 1 
i .mers; with that Stock they traded and gained as many Pounds | F 
.. 100). as they were Partners. Now if 101, 105. be added to, I. 
F {ubſtrated from, their Gain, the Product of that Sum and © | it 
v WWF-7-rence will be 649 1 J. 65. 34; hs Ss 1 
Keys | | wh 
9uere, How many Merchants there were, c. 1 
Let! x] a the Number of Merchants. . 
0 1 55 265 4 S every one's Sum put into Stock. lf 
ny 2x 4 3165 4 = the whole Stock. 1. 
. | | beaaa , , FRET : 4 
And] 4100: 4:: 65 aa: — by the Queſtion. | | 
; 6 4 . ; 
Vix. 5 "Suing = the whole Gain. j- 
100 | ij 
1 65 aaa 3 Ei 
ET Dios t 10% Tt 
5741055 — 1800 2055 ui 
„ ee ©: "it 
— £5 65 nd 1 
| » | 4225aaaaaa 5 | + oh 
- 6x7. 8]8<= — — 110,25==6491,312 308 
FE; 8529 a 10000 : eh +3125, by * Quett 1 
8x 10000 | 9 | 4225 45 — 1102500 = 64913125 11 
1 9 +| 10 | 4225 45 = 66015625 _ Ml 
ob = — = 15625 4-4 
T SE i] 
— 11wS]12]a=4 15625 5 the Number of Merchants. 8 
12 x 65 | 13 | 65 a= 325 the Number of Pounds each put in. 1 
Queſtion 30. Three Merchants join Stocks together; the firſt it 
an's Stock was leſs than the ſecond Man's by 131. the ſecond jt 


Fl han their whole Stock was; the firſt Man's proportional Part of | ll 
250 de Gain was 78. What was each Man's Stock and Part of the i 
_ 7 il 
405 Let a, e, y repreſent each Man's Stock. i 
—.— Then | 27 a +e+y=s the whole Stock. is 
700 2 | 48 the whole gain. 
57 And} x 1 lion. 
ww Re ET ns 
erhap 4 + a | 5 EEA 175 +a 

9 lands) 6 


S= 175 +a 
| | 6 and 2 


r Boos tt 090 4 og yy ; — 
AAlgebza. Fart Il. 


Se e * —— ha 
2 4 1 
8175 ＋ : 223-4 :: 4: 78 per Queſtion, ſecor 
9 |aa+223a= 78 a+ 13650 five + 
10 [44 ＋ 145 4 13650 then 
1144 ＋ 145 a+ 5256,25 = 18906, 25 15 
1284 ＋ 72,5 2 18906, 25 = 137,5 a 
134 . 137,5 — 72,5 6s 
14 [e aA 13 78 | 
i6|65:78:: 78: 931. 12s. =&s Gain, 
I7 | 65 : 78 :: 97 : 1461 8s. s Gain, 
18 | 1161. 8s. T9 31. 12s. +781. 2288. the Gain, 5 
| 19 | 65 +78 +97 = 240. the whole Stock, By 
120 288—240=48 the Gain more than the Stock, = 
: "7 | — 
Dueftion 31. A Father at his Death left his three Sons hi 
Money in this manner; to the eldeſt he gave half of it, wanting 
44 Pounds; to the ſecond he gave one third of it, and 14 Pounds 
more; to the youngeſt he gave the Remainder, which was leſs than 
the Share of the ſecond Son, by 82 Pounds : W hat was each Son's 
Share? 8 „„ 
Leet a, e, y be the three Shares, and 2 = the whole Sum. Hh 
| 1ſ[abeby=z | 
| 2]Ja=Z22z—44 Fi 3 
Then 3 * the Queſtion. 
45 =x 2 + 14 — 82 
| EEE: VS 
2-+Þ3+F41-5 „ 8 — 98 
1 and 56 . - — 98 
77 $36. Xi be 
6x3 7 | 32 =22-þ — — 294 : 
7x2| 862 = 42 ＋ 32 — 588 5 
82] 9| z 588, the whole Sum that was left. I 
2 and 9 | 10 | a= $* — 44 = 250, the eldeſt Son's Share. WW 12 
3andg|11|e=*# + 14 = 210, the ſecond Son's Shark 
 4andg|12|y=H* + 14 — 82 = 128, the youngeſt & 114 
Queſtian 22. A Man playing at Hatard cr Dice, won tit ? 


firſt Throw juſt ſo much Money as he had in his Pocket a q 
1 | | eco 


Ys 2. 4 1 ö 
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(cond Throw he won the Square Root of what he then had, and 
fre Shillings more; the third Throw he won the Square of all he 
then had; after which his whole Sum was £124, 165. Wut 
oney had he when he began to play? 5 
Suppoſe | 11 2 his firſt Sum. Then 
Ix 2 222 his Sum after the firſt Throw. 
And 3 5+ 2a="the Winnings at the 24 Throw. 
2 +3] 4] 24+5+4/ 2a= the Sum after the 24 Throw, 
4 wy Fi 5 |4aa+22a2544av 24;+10 2a= the 
 |-, Winnings at the 34 Throw: and therefore 
4+ p 1 6 1 | 4aa+248+304444/ 241 1/2256 Shil. 


30 to avoid theſe Surd Quantities, let us, inſtead of ſoppolng 
= the firſt Sum, make a ſecond Trial, viz. 


4 Let! 12 44 = the firſt Sum. 

bi Ixz| 2144aa= the Sum after the gt Throw. 

ring Then | 324 + 5'= the Sum won at the 24 Throw. 

1 2 + 3 44a t 2a . 5 = his Sum after the 24 Throw. 

Jad 48. 5 | 16a* + 164 +4444-+204+25= the Win- 

* II | - nings at the 34 Throw; and therefore 
4+51 61164*+164a* + 48 a4a-+22a+30=2256 Shil. 


Yet again, to o avoid theſe high On, let us make a third 
Suppoſition 3 thus, 


Le — = the Grft Som. : 
1x2| 2laa= 10 00 5 after the firſt Throw. 
Then] 34 ＋5 = the Winnings at the 24 Throw. 
2+3] 4|aa+a+5 = the Sum after the 24 Throw, 
Subſti.[ 5 [e=aa+a+5. 
5 G. | &6|ee = the Winnings at the 34 Throw. Then 
5+6| 7 |ee+e = 2250 Shillings by the Queſtion, 
7COo] 8leebe + 0,25 = 2256,25 | 
8w'] g|e+0,5= 2256, 25 4555 
9— 0,5 10e 47 
5 and 10 1I[Aa＋A＋-5 47 
11— 512444 242 | 
are, 12, C0 13 aaa t o, 25 = 42, 25 
har 1w 2 „ 455<V e = 6s 
: Ol, 140.8" 1514 — 
"2 16 4 4 2 36 . TE "of 
Pu: ©. ET LED 181 The Shillings he had in his 
18 Pocket when he began to play. 


GG 8 : Eb. | Note, 


Note, In reſolving of the laſt Queſtion, I have made thre gx 
ferent Suppoſitions for the Thing ſought, purely as an Inflance, 


to:ſhew the young Learner how well he ought to conſider the 5 
Nature of the Queſtion, when he finſt ſtates it, and make chore 
of repreſenting the Thing ſought, | ſo as to. avoid running it into 
Surds, if poſſible, vis. as in the firſt Suppoſition of a= the fu N 
Sum, Sc. Not but that ſuch Equations may be ſolved, as (yi the f 
| beſhew'dimthe-next Chapter. However, it is moſt like an Amd 
to perform Things of this Nature the neareſt and eaſieſt way eins 
%% ... 1. Li 
Quai 33, Snppoſe there were tiuo equal Circles, whoſe Pri. . 
. phertes (viz. Cirrumferences) are divided into 4430 gu Pary, _ 
and thut thoſe Circles were fo placed upon one Ait, as 10 mar thy 1081 
contrary way to each. other; and ſuppeſe one f them to move but m. — - 
7 theſe equal Parts the firff Day, tiuo Paris the ſecond Day, tu 
arts the third Day, and ſo on in Arithmetical Progreſſim, va. 
I, 2, 3, 4, 5, &c. and the other to move every Day the Cube-if 
thoſe Parts, 1, 8, 27, 64, 125, &c. of the ſame Parts; Hm Tf 
many Parts, and how many Days muſt each Circle move, before the ed 
ſame two Points meet:that were together when theyibegan to move? wic! 
In order:to give a ready Solution to this Queſtion (or any other na. 
in this Kind) it will be convenient to premife this Lemma. In 
of 1 | FN GEL e ear! 
„%% & ns "ua 


The Sum of any Series of Cubes whoſe Roots are in Arithme: 154 
tick Progreſſion (the firſt Term, and common Difference being 
Vnity or i) is: equal to the Square of the Sum of all thoſe Roots 

As in theſe 1 . 

Terms in Arith. Sc. their Cubes. 


S G8 
Fc 
* 


— — — 


21 x 21 . 441 Sum of their Cubes. 


7 Let] 1 | a= the Sum of all the Parts the 1, Circle more 
Then | 2 | aa = the Sum of all-the Parts the 24 moves. 
Confequen. | 3 + a= 44310-by:the Queſt, ( per Lim. 
| 20 Tak 41a a ＋ a 0, 25 — 44310,25 | : ; 

| 3 40 


© 
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4w*| 5]a+05=v 44310, 25 = 210, 
Fs MESS the Number of Parts the firſt Circ 
—_—VWw HK PT: 5 > 
| 


| 3 woe. the Number of Parts the ſecon 
2 6 & 7 | 9a=44100F _Circle moves. | 
ir Next to find the Number of Days they moved; there is given 
ale firſt Term = 1, the common Difference = x, and the Sum 
tit WW au the Terms = 210, thence to find the laſt Term, which in 
ies dis Cafe is the ſame with the Number of all the Terms, 


Let a=1 the firſt Term, e==1 the common Difference, and 


i, 210 the Sum of all the Terms, to find y = the laſt Ferm; 
„ per Sect. 1. Chap. 6, Then yy + ey =25+ aa—ae by the 
17:16 Step, Page 186. that is, yy Ty =210 x 2== 420 &c. Hence 


—=20 the Number of Days required. 


| ſhall now proceed to given an Example or two of the Method 


the Wuſed in arguing about unlimited Queſtions ; viz. ſuch Queſtions 
? which admit of various Anſwers, ſuch as thoſe in Alligation Al- 
ther nate promiſed in Page 11 | 


In order to ſhorten that Work, it will be convenient for the 
Learner to know the two Signs of Compariſon, and T. The 
den > is of Gzeater than; as 5 > a ſignifies that 6 is greater 
than a. The Sign S is of Leſſer than; as 5 Sa ſignifies that 
is leſfer than , c. | ” 

eing | 


ts, | EXAMPLE TNT. 


Queſtion 34. 4 Tobacconiſt hath three Sarts of Tobacco, viz. 
me of 28. 8d. the Paund, another of 20 d. the Pound, and a third 
rt of 16 d. the Pound; of theſe he would make a Mixture to con- 
an 56 Pound, that may be ſold for 22 d. the Pound: How much 
F each Sort may he take ? 1 85 


Let a = the Quantity of that worth 32 Pence the Pound, ez 
at of 20 Pence the Pound, and y == that of 16 Pence the Pound; 


> viz. each Quaptity multiplied 
Lhen a + e + y = 56 into it's own Price, equals their 


32 ＋F20 416321232 Sum multiplied into the mean 
OY NE re” C Price, 


en. 


_ 0 Og 650i 3644.04 1 hl 


— 


Puri ll. 


This Queſtion being thus ſtated, it appears by Rule 1, Page ö 
that it is capable of innumerable Anſwers ; becauſe for any one of 
theſe three Letters, a, e, y, there may be taken any Number at 


Pleaſure, provided it be leſs than 56. But although that may be 


truly done, yet there are ſeveral Ways of arguing about theſe Yn, 
of Queſtions, which will limit or bound them to all their Proper 


or poſſible Anſwers in whole Numbers. Thus, 


Let| 1]aHe+y=56 _ 7's 
And 2 2 0 11 as above. 
N — 43e = 56-2 . 
2 324 4 [20e 165 2 1232 — 324 
3 * 16 5 | 16e-+ 165 = 896— 164 
4—5 6] 4e=330—16a' _ - 
6 247 2 84 - 44; hence a 21 
3—7| 8} 5 S232 — 28; hence 4 Forgz 


From the two laſt Steps it appears, that the Quantity ſignihed 


by a, ought to be leſs than 21, and greater than 93; that i, 


any Number betwixt 9 and 21, may be taken for the Value of a: 
Conſeguently there may be eleven Anſwers to this Queſtion in 
whole Numbers. 3 | 

Suppoſe a = 10, then e = 84 — 40 = 44, per 7th Step; and 
3 = 30—28 = 2, per 8th Step. Again, if @ = 11, then e 
= 84 — 44 = 40, per 7th Step, and y = 23 — 28 = 5, per 
8th Step: and ſo on jor the reſt, which will be as in the tolow- 


ing Table, 
„ 
11044 2 14.| 28 | 14 18 12 20 
IA | 75 24 | 17 | 1 19 8 20 
1236 8 16 20 20 20 432 


— 


. 


Thus it will be eafy to find out and collect all the limited An- 


ſwers to any Queſtion (of this Kind) wherein there are only three 


Quantities propoſed to be mix'd: but when there are more than 
three, then the Work requires a little more Trouble; becauſe the 


ungle Limits of all the Quantities above two muſt be found; that 


is,” if there are four Quantities concerned in the Queſtion, the 
Limits of two of them muſt be found; if five Quantities 2e 
concerned, then the Limits of three of them muſt be found, &. 
As in the following Queſtion. | 


Dufiin 


[ 

„ — — 4 ; | 
0 —Quftion 35. Suppoſe it were required to mix four Sorts 0 ines MH 
b, | 


| 
together 3 VIZ. one Sort worth 7 s. 4 d. the Gallon, another Sort il 
warth 48. 7 d. the Gallon, a third Sort worth 3s. 8 d. the Gallon, 1 
and a fourth Sort worth 2.8. 9 d. the Gallon: How much of each {1 
vrt may be taken to make a Mixture of 63 Gallons, ſo as that the ll 
whole Quantity may be fold for 58. 6 d. the Gallon, without Loſs, &c. 19 


Firſt, let all theſe ſeveral Rates, and the mean Rate, be reduced 
i one Denomination, vi. into Pence, _ 5 5 


6 s. 4 d. = 88 d. . 45. 7 d. 55 d. 2 
Vee. 52 8d. =444,- 25. 9d, 2334 and 5 5. 6 d. 66. | 


Put a = the Quantity of that worth 88 d. the Gallon; # _ 
that of 55 4. the Gallon, y = that of 44 d. the Gallon, and 2 = 


% 


that of 33 d. the Gallon. 
jabeb+y+#= 63 by the Queſtion. 


Then | I 
hed And] 2|88a+55e+44y +33u=4158 =63 x 66 
is 1—a| 3] e+y+u=bz—a 
fa: 2—884! 4 55 e+ 4439+ 33u=4158 — 884 
n in 3x33] 5 33 ＋ 33) + 33% 2079 — 33 4 

4—5| 6 [22 ＋ 11) 2079 — 55 2 | 
and b=Tr] 7 | 2e+y=189—5a; hence a or 37 $ 
3x55| 8[55e+559+55#= 3465 — 55 . 
per 8—4 9| 119 +224= 33a — 693 
01. g=11|10| ＋ 22234 — 63; hence 2 J or 21 


From the 7th and roth Steps it appears, that the Quantity of 
that Sort of Wine denoted by a, muſt be leſs than 37 5 Gallons, 
and greater than 21 Gallons: that is, it may be a = any Num- 
der of Gallons betwixt 21 and 37 5. Whence it follows, that 
ere may be collected 16 Anſwers to this Queſtion from the 
Limits of @ only. 1 


Next to find the Limits of e, y, and u. 
Suppoſe | 114 = 22, then will 5a=110, and 3a=66 
But | 122 9 = 189 —5 a= 79, per 7th Step. 
12—2e|13|y=79—2e; hencee S 2 or 39 * 
Again | 14 | s YT = 63 —a=41, per 3d Step. 
IL — e IS [YT == 41 — :- | 
15 13 16 % e — 38; hence e738 


From the 13th and 16th Steps it appears, that if a= 22, then 
39 }=79—42e=1, and «y=e—38=1. FE 
75 8 5 Again, 


— Agrüm. rr "Pl 


— 


Again, 


Suppoſe | 171422 23. then 54 == 113, and 34 2 69 
But | 16 | 264+ = 189 — 54 7b per 7th Sto, 
18 — 2 19 |[9=74—2e; hence = == 
Again | 20 [AY = 63 - 4 40, per 3d Step. 

20 — e 21 [y = 40 - 

21 — 19 22 [% g — 34, hence e 34. 

From the 19th and 22d Steps it appears, that if a= 13, then 
e may be either 35 or 30. | | 


Once more ſor a further Illuſtration, 


Let a=24, then 5a=120, and 3a=72 
But 2e+y=189 —5 a= 69, per 7th Step. 
24— 2e Y = 69 — 2e; hence e or 341 
Again 26 = 63—a= 39, per 3d Step, 
2— 2 = 39 — 5 


27 
27 — 25 28] u=2e— 30, hence e 30. 


From hence it appears, that if @ = 24, then e may be either 
Zr, 32, 33, or 34, vi. it may be any Number betwixt 30 and 
341 by the 25th and 28th Steps; from whence the Values of y and} 
1 may be caſily found. | 

Andu=r- 
$83 
33 
1 24 


3 then 
„ 
e 33 
e = 34 


Mw) 0 


That is, if 


* * . 


& 


Wand! 


Proceeding on in this manner with all the other ſingle Values « 


a2, there may be found above 120 Anſwers to this Queſtion in 


whole Numbers: and if you pleaſe to put a = Fractions, there 
may be found an innumerable Set of Anſwers ; whereas the Rule 
of Mligation in Vulgar Arithmetick affords but only one Anſwer in 
Fractions, to wit, that of a= 31%, e = 102, y=10 2, 1 = 101; 
as may be eaſily tried per Rule Page 115, &c. | 
Theſe two Examples being well underſtood (eſpecially if th 
laſt be thoroughly purſued) may ſuffice to ſhew the Method offf 
limiting the Anſwers to all Sorts of Queſtions of this Kind. I ful 
therefore conclude this Chapter of Queſtions with giving a Solu- 
tion to the Enigma (or Riddle) propoſed (but not anſwered) b 


Mr Fobn Kerſey, in the Cloſe of the Appendix to his 4 
| whi 


MTS | 
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. 
un Ware I e s =— 
2 3 I 
. 
„„ * 


alc affords ſeveral pretty Belton, ide Balution whereof will 
diſcover a certain Sentence cantiſting of three Words, which muſt 
e bund by the help of Figures placed ((ar ſuppoſed to be placed) 
wer the twenty-four Letters of the Alphahet. ox, HER 
Thu 1 . 2. 3. 4 5 ©. 7. Cc. called Indies. 
. bac. 4. e . g . Er. co the laſt Letter. 
do that if the Index to that Letter be once found, the Letter to 
lich it belongs is eonfequently known, 2 . 


The Enigma. 


1. I the Difference between the Indices of the ſecond Letter 
of the ſecond Wand, and the third Letter of the firſt Word, be 
multiplied into the Difference af their Squares, the Product will = 
t 576; and if their Sum be multiplied into the Sym of their 
Squares, that Product will be 2336, the Index of the ſaid third 

Letter being the greateſt. „ 


Let] 14 2 the greater Index, or that of the 3d Letter. 
And] 2e. the leſſer, or that of the 2d Letter. 


ben 


ther 4 |a+exaa+ee=2330 

) and 3x| Ju —aaet—atceeee=576 

and 4x [6A Ta ae ae erer 233 

b—s| 74 2 a ˙ e % , '= 1760 
6+7] 8]2aa+3aae+gaer +2 ee:= 4096 
8$w'| g| a+e="v 4ogb=16b 


are 10 a a T- e 2 3 = = 146 


9 G IIIa TT g Tee 256 
« n 1012 24 110 
on u 121344 — 2 ee 36 3 
a 13 wy"! T4 ja —e=v 3b-=6 " Toy Br 2 
Rue 9 Þ 74 [15 22 2 22) (Hoem hence it appears, that the 3d 
er in 15 ＋ 2110] a=110 5 Letter of the Iſt Word is l, and 
C the 2d Letter of the 2d Word is e. 


* ee s 
Note, In order 10 ſet dotun the Letters (as they become found) in 


a Pear Plc, it may he convenient 40 ſupply the vacaut Places 
WL), 47. g | = | | | 


f the 
od of 


ſhall | 
91 Tho Firſt Word. Second Word Third Word 
etich, 


v hich 2. The 


— — 
2 D - — 4 — 
* 77%9„6„2»7W . n I, vo AIR. OY, 
. 2 —1 * . 


—— 2 2 — 
— — — — 


— 
— — — — — — — 
— - 


——— — — — — — — — — - 
90% — » U 2 
n 2 — o = — 6 — — — — — * — — ee NO TIE INOS. ES - * 
EE 2 — _—— . —— — 3 - 
EY * 4 5 ” : — <> we ee ne on — — — — — Dn. — — — — . = - * 1 * 
* 
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2. The Indices laſt found, are the two Extreams of four No 6 
bers in Arithmetical Progreſſion, the leſſer Mean being the Inge ne 
of the firſt Letter of the third Word; and the greater Mens tt 
the Index of the fourth and haſt Letter of the firſt Word. 15 
5 . 7. 9. 11 are the four Terms in Arthmetical Progreſſgr 
Whence it appears, that. G (whoſe Index is 7) is the fir Letter 
of the third Word; and that i (whoſe Index is 9) is the fourth 1 
laſt Letter of the firſt Word; which being placed down, wil 
| ſtand thus, | | ; * 
a4 li e G 28! 
3. The ſecond Letter of the third Word is the ſame with the Py 
third Letter of the firſt Word; and the fifth Letter of the this | 
Word is the fame with the laſt Letter of the firſt Word: whence 
the Letters will ſtand thus, ee LH97; 
* # li. * KA Gl i. . 
4. The Sum of the Squares of the Indices of the firſt and ſecond 
Letters of the firſt Word is 520, and the Product of the ſame li- 
dices is ſeven Ninths of the Square of the greater Index, which i 
the Index of the ſaid firſt Letter. | | 2 
Let a= the greater, and e = the leſſer Index. T 
= 2 4 | abr * ; . 5 5 F according to the Data 
2-—4] 21 =#0-> . 
1 G. 4e Haas | | hi 
1— 45 [44 2 520 — Jr 4 4 ich 
5 x 81] 618144 42120 — 4944 
6 ＋ 4944 7 | 1304@a=42120, p . 2 
730 Baa =*135%.= 32 pa: Le 
8 uu: 9|a=y 324= 18, whoſe Letter is 5. Da 
3andg | Iloje=3za= 14, whoſe Letter is o t tþ 


Hence the Letters will {land thus, 
4-5 Solt, * E * * No 9 Gl. * « 7 ** 
5. The Difference between the two laſt Indices, is the Inder | 
of the firſt Letter of the ſecond Word, viz. 18 — 14= 4 deg 
the Index of the Letter D. Then the Letters will ſtand thus 


Soli. De + * Ke Gl. * * 7 4 
ä 6, Ti 


„ TT 
—_— 
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r 
1 


«ter of the firſt Word; hence the Letters will and thus, 
; Soli Deo Glo vi. 


ded to their Product is 35; and the Difference of their Squares 
288 ; the Index of the laſt Letter being the leaſt, ; 
Put a= the greater, and e = the leſſer Index, as before, 


Then 1 a2 ＋ e235 | | „ 
eee 
16 314 ＋ 35 — 4 

4 


0+ 0 = ==, forexa+1=aebe 
cond I 11225 — 704 T＋42 
] 6? | gle o= —.— 
4 | . 
as oo, 1225 — 70a aa 
2 6 — 2 Ne e en 
e e 5 
„ Kc. 7 424 4243 44242 288 444-5764 +288 
1 *|C+n225 — 7 a e _ 


| 7 + g a* +247 — 288 44 — 506 = 513 


Letter a, Then theſe two Letters being placed according to 
Data above, are all that are required by the Enigma to com- 
it theſe Words, . 1 


Soli Deo Gloria. 
Inde | 
4 being 
| thus | | 
Hb CHAP; 


6, Tix 


TY 
6, The third and laſt Letter of the ſecond Word, ufo the -* 
bird Letter of the third Word, are the ſame with the ſecond 


7. The Sum of the Indices of the fourth Letter of the third 
Nord, and the ſixth or laſt Letter of the ſame Word, being 


This laſt Equation being reſolved according to the Method 
ich ſhall be ſhewed in the next Chapter, it will be a= 17 it's 


ter; and from the 4th Step 12 271 == 1; the Index of | 


22 
2 


— 


— —— » 8 "A - 
0 Boe a Ee EI SR - 8 0 
— — —— 8 - 
— 13's 3 ny . — 
— > — — ö 
* 


— e 
2 — — — ny 
7 
N * 
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5 BY FORE we proceed to the Solution of Adſected Equation 


| of thoſe T heorems. or Rules for. extracting the Roots of Simple 
Powers, made uſe of in Chapter 11. Part 1. I ſhall here mile 
choice of the ſame Letters to repreſent the Numbers both g 


the Dividend that is produced from E, after it is leſſened and 
divided by r, &c. (into the Co-efficients of Adfected Equations) 


„„ 


The Solution of Adfected Equations in Nunte,, 


VV =, ex. 


it may not be amiſs to ſhow- the Inveſtigation (or Invent) 


and ſought, as in my Compendium of Algebra. 

c, always denote the given Reſolvend. 
| 2 any Number taken as near the true Root x 

Viz, Let & T may be, whether it be greater or leſs 
7, te unknown Part of the Root fought by 
LN which x is to be either increaſed or decreaſe], 
Then if r be any Number leſs than the true Root, it will be 
+ + e = the Root ſought. But if r be taken greater than the try 
Root, it will then be r — e = the Root ſought. And put O for 


according as the Nature of the Root requires, Theſe Thing 
being premiſed, we may proceed to raiſing the Theorems. 


Oe 


. 
h.. NG. RS 


SECT. I. | 
IE O R the Square Root, vis. 44G. Quere a, Wh 
Let | I: Ir e-= 4- 5 3 13 perf 
16*] 2|rrþ2rebee=an=ECG 
2 -r 3 2rebeezG—rr. Call it D, viz, D=G—rr F 
| Ts 5 "Fhis ſhews the Iſt "oY | 
7 0 ——— = e 4 ofextraCting theSquareKov! 
Tom t|UL2r+e Joſe 5. Chap. 11, Part! 
3 (rr 
372 5 [rei —_— =D. 
3 D + 
Which gives this Theorem j- ＋ e. 
The Arithmetical Operations of both theſe TINS; yo 
| ie 


have in the Examples of Section 2. Page 126, to which . 


Chap. 10. Of Adfocted Equations. 23 5 


the he Learner, foppoling Him by this Time to underſtand them 
yithout any m more Words than what is there expreſt. 


I To extrad the Cube Root; viz, a au G. Qurte a. 


Let | 1] r era, ſuppoſing r leſs than the true Root, 
1@0*] 2{rrraþ grreob greeeer=aaa=zc 
1 3] 3rr7e-þ3ree-beee=CGC=rrr 
e 


1 3, e Won ED = D 
eng f 14 * . 


1 77 


1 £27 he rejected or = as being of ſmall Value ; then it 
will be, re +ee =D, which gives ww following 


Theortm T7; =* 
By this Theorem or Rule, the 1ſt and 2d Examples i in Caſe r. 
ue 132, are performed ; the which being compared with this 
Theorem may be eaſily underſtood, 
Again, Suppoſe 44a =, as before, ans let r be taken greater | 
than the true Root. | 


Then | 1|r —e=a_ | eee being reject- 
16.5 [2rrr—zrrer reer ed as before, 
2+ 3][3rre—3ree=rrr—CG 


JS 37; * — =D 
Which gives this Theorem — i 

By this Theorem the third Fame in Caſe 2, Page 133, is 
performed. | 


— e 


ii. To extra the Biquadrate Roof; vis. a*= G, Quere a. 


Let] Ir —e=a beg r leſs than juſt. 
I &* | 2 | rtþqrrre+brreeza*=6G rejectipg all the Po- 
2—rt| q a ae ers of e above ee. 


o | S 5 74 | 
3Tzrr 4 | 27+ 3ee= = & i: 1772 2 
D 
18, J0 hich gives this ; Theorem TEST = 6 


1 I K 
1 . Hh 2 TO By 


230 +11, io: © 


B this Theorem the Biquad rate Root of any Number may k 
extracted. But, as I have already ſaid, Page 134, thoſe F,. 


tractions may be very well performed by two Extractions of the 4 
Square Root. Vide Example, Page 135. X 
IV. To extract the Sur/olid Root, viz. a = G. Quære a. | 
If er be taken leſs than juſt, then re = a, as before, 2d 
BB oe CA BES Din? Þ: | 555 If 
"x =D, 4 gives this Theorem :. NJ 
this Theorm the Surſolid Root, Example 1, Page 136, is ex 
tracted. But if r be taken greater than juſt ; then - ea, and 20 
10 3 D 
. 58 = D, which gives this Theorem 2. = bh 
this laſt Theorem the Example in Page 137 is performed. 4 
I preſume it needleſs to purſue the raiſing of thoſe Theormy, , | 
for extracting the Roots of Simple Powers, any further; becaus 
the Method of doing it is general, how high ſoever they are, 
and therefore it may be eaſily underſtood by what is already gone, J 
SEG ( 
Ne Otvithſianding I have already ſhewed the Solution of Cu wil 
dratick Equations, two ſeveral Ways, viz, by caſting off the ih | 
loweſt Term; and by compleating the Square, vide Section 2. . 
Page 195, Cc. Yet it may not be amiſs to ſhew, how thoſe 
Equations may be reſolved into Numbers by this Univerſal me- Fc, 
thod of continued Series; wherein, if the firſt » be taken equi [ 
to the firſt true Root, or ſingle Side of the Reſolvend; and every to 
ſingle Value of e (as it becomes found) be till added to it, for 1 deu 
newer, then thoſe Roots may be extracted without repeating a 4 * 
ſecond Operation, as before in the ſingle Powers. EY 
Caſe 1. Let aa ＋ 254 G. It is required to find tir WW — 
Value of a. £ „ 
Put IIe = 4 
1G [2 rr2re ee a 4 HN 
1x26|3}2br+2be=2ba . h 
24314 razr a2re abe Tee A ·˙ * 
4 rr &c. [5 [ Zre 212 le Tee G- rr 2 TT . 
5 216 repbebiee=iG—izrr—br=0 bs a 
Which gives this Theorem — 2 — Ste n 
| r-þb-+3e e re) 


Suppole 
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| Suppoſe 5 = 364, and G = 38692865: If » = 6000, then 
S 36000000, and 2. b r = 4368000. But 36000000 + 


T 6000. Let r = 5000, then 


| 1ſt” = 5000 19346432,5 216 
b= 364 1432000 =5rr-þbr 
ity += 5364 5026432,5 = D (800 =e 
43e= 400 46112 
x Diviſor 5764) 41 7 DO. Wes 
2dr +b = 6164 37164 
438= 30 — 5 3 
3 J 
2Diviſor 6194) 4359235 Jn 
lr + b = 6224 — 867 =e 
+3e= 375 00 
3 Diviſor 6227,5 . 
Firſt r = 5000 


þe= 867 12 5867 a as was required. 


Caſe 2. Ifaa—2ba = G, then proceeding as above, there 


22D oO 
c 


will ariſe this Theorem 


Ws 

F the : | . ; * | D 8 __ 
n 2 WW viz. 2502 - 44 = C, you will have this Theorem — 
thole — — i; 


xc. as above. . 
| think it needleſs to trouble the Reader with the Work of theſe 
two Theorems in Numbers; becauſe if the laſt Example of Caſe 1, 
de underſtood, the other will be eaſy. Not but that the Method 
of compleating the Square is very ready and eaſy, as you may ob- 
ſerve by the Work in ſeveral Queſtions of this Chapter. 


** 8 8 2 


SECT. 3. 
IK the Solution of all Adfected Equations, that are above (ar 


W=- if r be leſs than juſt; or r —e=a if r be greater than juſt 

las at the beginning of this Chapter). Ang all the Powers of the 
unknown Part of the Root, (viz. e) above'it's Square (e e) are to 
pf rejected or caſt off, as before in raiſing the Theorems for the 


;ppoſe Simple 


4368000 = 40368000 > 38692865 = G, Therefore: the firſt | 


higher than) Quadraticks, it will be the beſt way to take = 
the next neareſt Root of the Equation : And then it will ber e 


Su Ig 


- 3 nn — — — IE. 
ar NU ER OITT 


La WII - By 


— 2 n „ 


238 — - Pang 


Simple Powers, And therefore it is, that to Tapply the den 


thoſe Powers (above ee in the Theorm) the Operation muſt be n. 
peated : as in the Example of extracting the Cube Root, Page! 
viz. hen the Figures in the Root conſiſt of more n 1h. 
P] e Page 140, and 141.) 


Suppoſe ana+ba=G, Quzreg. 
Let x | r+e=# viz. let r be ſuppoſed leſs than jul 
4 2 0 


I G rrrþgrrebgree=aan 
I h 3|br+be=ba 5 
2 * 4 rrrbrzrre be green +ba=6 | h 
= : £ 1 | - be | G N 
47 3765 e NT TOSS 8 it 
IR l G 

ole | Bird i P 

423 | r as 3r Sr 36=D tin 

420 Oe a : zin 
Which gives this Theorem . 2 5 IPO 

8 . LOS T 

But if 7 be taken greater than juſt, then it will be re 

1 N — 
— ee ir 1+ — 7 =D, which produces this Therm 10 
* 
— — 5 — e. i 
. 585 Ia. 
By either of theſe two Theorems the Value of a may be ea 
found. Or rather otherwiſe, as in the following Example. 

Let à 44 ＋ 24 = 587914. Here b= 24, Suppoſe the fir | 
r==90, then 15 =729000> 587914 without the 24x90 being 10 
added to it: Therefore YO Again, Suppoſe r=80 the 
73 =512000, and 241 = 1920. But 5 12000 1920 = 513040 
58791, hence 770, but nearer to it than go. Thereſote 

it muſt be 1|r +e=a leſs than juſt, J 

I 63 | 2|[rrr+g3rre+3ree=aaa reje 
1X 2 31|247r +24e=240 
2 in Numb. | 4 | 512000 + 19200 e + 240 ee 4 
Z in Numb. 5 1920 P. 24e = 244 335 
475 513020 + 19224 e+ 240 ee= 587914 
5 — 513920 | 7 | 19224e+ 240 ee=73994 

7 + 240 1 80, 1e ee = 308,31 = D * 

| | 0 n 
8 | | Corred 
1 80, 1 +e 


Operation 


Tp. 20. Of ed mation, _ 


Operation | = e 
2 
II Diviſar 833) 308, 31 868 Fe. 2 a. 


+ == 24%3 | 83,68. &c, ARGS 
2 Diviſor 8 35,7) 39,01 | 
+ (4 | 67 $2402 
87237) 6,99 Ke. 
Or rather new r = 83,7 for a ſecond Operation, which being in- 
yolved and tryed (as above). will be found greater 92 juſt: therefore 


it muſt be] 1] —e=a 
1 65 2 8rrr—grreZ3ree a3 
Enn 
zin Numb. | 4 586376, 253 — 2101), o 251, —— | 
zin Numb. | 5 | 2008.8 — 24 8244 
"a+$} © 588385,053 — 21041,07 e+ 251, 12 587914 
6＋ 7 | 21041,07e— 251,1 471,053 
iii 8 027955 1 nad N 
N 357955 — 
Operation 83.7055 
— = 502 


1 : /83,70000000 2 17 

i Diviſor 83,7755) 187595778 00902239331 = 6 
= 2022 13523310 B$3,6576066g g 
2d Divifor 83. 7535) —_— 8 
r e 3396978 


02512536 
Tir, „00781542 


20783750 
Here the new Diviſors are . 
rejected, as inſignificant. 25125 


| All the remaining PER of extratng Roots (except page: 2600. are re left in the Author's 
. Method; which by this Time, it is preſumed, the Learner will eaſily. know how to 
"rect of hiraſelf, if he takes due Notice of what has been delivered Page 131, 132, Ge. 


But 


—— — — r ᷑Ä OC . ˙— = AR es = Rr 


— * 
— —— — — I — * pn X 3 * — = * 


« 

— — Rr 
— LS 

LR 


— 
8 — = 2 VE. <= xp " 
—m — — 
1 —ů — 
— — — — —— a 
— _—_ 8 - —— 


— 


— — GEE ah 1 nm 
. 


. — — EO; 
h_y n re © 24-3 th — br 8 ——— — h 
I ENG >» arr rr = — — Ah — of 
" — In —— 
— _ — —2 2 8 ST TINY 
— — 2 — — — — — —— —— — —— —— — 9 
— — q — — 2 — _ — No args — - 2 
— DT Ira PTeT P = = ET — = a ＋ 
— * 55 47 5 x 3 * | 
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obſerved in the Solution of all Adfected Equations (how high fo 


5 ft 5 1 
= @, then r 8 — — ee = +3 ier 
which gives this Theorem | Et" war Fe” en a 
E 
C | 
= a, then re+ — ＋ ee — —+ 3b —3rr =D, 
| 'D : 
which gives this Theorem 5 1 1 


12500000 — 3219000 = 121781000. But 121781000 7 
104785688, therefore 7 500. Again, ſuppoſe r 400, 


— OSS 
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But if more Exactneſs be required, you may make the new / 
83,67 6067, and proceed with it to a third Operation; whic, 
will afford twenty-ſeven Places of Figures for the Value o 
that is, every Operation will produce triple the Places of Figurez 
to thoſe of the Precedent 7, And this tripling the Places of Pi. 
gures in the Root, at every Operation, holds good, and is to be 


fa; 


ever they are) according to this Method of reſolving them. 97 
Page 141. 0 J 


Example 2. Suppoſe 244 — 4 = G. Quære 4. If 74, 


Or you may proceed otherwiſe, as in the laſt Example. Let 


a a a — 6438 a 104785688, here 5 = 6438. Suppoſe the il 


firſt 7 = 500, r 7 7 = 125000000, and hr = 3219000, then 


rr = 64000000, and br = 2575200, then will 64000006 
— 2575200 = 6142800, But 61424800 I 104785688, hence 
7 > 400; conſequently 7 is betwixt 400 and 500, But 500 ö 
the next neareſt ; therefore, let r = 500 being greater than juſt, 

Then 


— 


I 
I &*| 2|[rrr—3rreo3ree=aas 
Ixb| 3[br —be=ba e 
2 in Numb. 4 | 125000000—750000e+I5002e=a4e 
3 in Numb. | 5 3219000— 6438 = 64384 (86 
4—5 | 6| 121781000—743562e-1500ee= 1047850 | 
6 ＋ 7 | 743502 — 1500 = 16995312 
7 ＋ 1500 | 8| 495 — e 11330 2 
. | — D vi : 
N83 495 — 


Operation 


_— 
* ” ans 2 


up, 10. Of Adfected Equations, 441 


1 | 
2 430 | 

. Divifor 475) 17330 23:8 =e 1 
—(= 3 20470, 22 r — e 2 4 

0 472) 1830 5 
. 1416 

1 414, o a Fa 


3710 
Let newer = 476 for a 2d Operation, then 3 = 105850176 
ind br 3064488: but 107850176 — 3064488 = 104785688 
the fame with the Reſolvend. Conſequently a = 476 juſt, 
Example 3. Let bla—aaa=G. Quære a. If 7 þe=a, then 
| 2 = qt, — +3rr—3b=D, which gives this 
ies” Ie if Fab hi ik rp 
harem 7 b e | | | . 
| 14 — r' 


1e = which; gives this Theorem 


17 a ; | | 1 

Or otherwiſe as before in the two laſt Examples. Thus, let 
23456a—aaa=12272861. Here 5 = 123456. Suppoſe the 
it 200, then rr 8000000, and br 2469 1200; then 
4691 200-8000000 1669 1200, but 1669 1200 2 12272861, 
kerefore r is here leſs than juſt, becauſe the higheſt Power is —, 
Negative. Again, Suppoſe y=4300, then 1 =27000000, 

d br=37036800, then 37036800—27000000=10036800 * 
12272861. Conſequently r I 300, and r 200. Let r 
300, being the next neareſt, but more than juſt. Tg 


Then I | 7 ——e =&4 

105] 2[rrr——grreb 3reemaaa 
8 Ixb| 3|br —be=ba | 
856 | in Numb. | 4 27000000 — 2700 e900 ee 
bs in Numb, | 5 37036800 — 1234560 

5—4] 6| 10036800 -+ 146544 9—900 ee=12272861 

6— 71 146544 — goo & e = 2236061 

] > 900 bot gg ro barks 

* I=&,| le — 2 
ation | | 9 | e 162 4 


Ii Operation 


Algen. Dun l 


5 1 
Operation 162 ' _ 
—— 10 

W BSTRIn 25" 300,0 =r 1 

1ſt Diviſor 152) 2484 16,6 Se 
F 149” 28, =r—e=d. T 
2d Diviſor 646 904 gi 
| | 876 Li 
88,0 . 
86,6 

— — 


Or new r 283. which being Wo e Sc. will appear to be 
the true Root, that is, a = 283 

Moe, Theſe are uſually called the three Forms of Cubick 
Equations; and in the Solution of the third or laſt Form, uz. 
Ja - 4 G, you may meet with ſome ſeeming Difficulties; 
_ eſpecially in making Choice of the firſt 7, becauſe this Equation i 
an ambiguous Equation, and hath two Affirmative Roots. viz, 4 
greater and leſſer Root. But having once found either of them, 
the other may be eaſily obtained by Diviſion only; as in the 
Quadratick Equations. Vide Chap. 8. As for inſtance, in th 
laſt Example, a = 283 and 123456 4a — 4 4 4 1221281, 
Make theſe two Equations o, to wit, let a — 283=0, and 
— aaa + 1234560 a — 12272861 =0, 

Then, a—283) —aaa123450a—12272861 _ 


-a t 2834 
22834 ＋ 12345 64 | (283%! 
| „ 800894 100 
4 4330½— 122728 (433% * 
We. Lex han 9 
& 1 
e e g 
Hence it appears that — 44 — 2834 43367 o. Conſequent p 
ly aa-+283a=43367 this Equation. being ſolved, 4 = 11988 - 


2722 Cc. which is the leſſer Root of the aforeſaid Equation 9s 
-a -, &c. After this Manner all the poſſible and im- 
poffible Roots of any Equation may be eaſily diſcovered, any one 
of it's Roots being once found. I ſhall therefore omit inſerting 
more Examples of that kind. | 
| Suppoſe aaaÞþbaaÞca=CG. Quære a. Let b=74, e=87%9 
and G=560783. By Trial (as before) it will be found that tis 
next neareſt 7=40 being ſomething leſs than juſt. 


T hereſ 
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I | | | 
. "Therefore I[r +pe=a | 
Ixc| 2]cr Tee Sea N 

18%: 55] 3]rrr2zl relle 44 1 
16] 4[rrr+grreobgree=aaa j 

zn Numb. | 5 | 349160 + 8729 e ſ 

in Numb. 6 | 118400 ＋ 59020 ＋ 74ee [1 

lin Numb. | 7 64000 + 4800 ＋ 120ee ſi 
576778531560 ＋ 19449 e+ 194 ee= 560783 fl 
$—531500 | 9 | 19449 e + 194 ee = 29223 | 1 

9 = 194 IO | IOO, 2e Tee 15 3,06 = D 1 

— 11 — 2 | R 

to be 0+ 100,2 +e 9 
Operation 888 | 
bick 422 . ig 
bo: It Diviſor 18172 I5%08.\ Lo . ſ 
„ „ N 
z. 1 Dviſor 101,7) 51,86 41,5 =r +e=a j 
hem, OE 5085 
1 the 1,01 ö 
2 the Or new r 41, 5 for a ſecond Operation, which being duly 1 
501 ebed, &c. will be found more than juſt, : 
, and Therefore | I | 7 —e=a ; 
2|[cr —ce=ca 

"0 The 2 brr —2bre+bee=baa 
CLI 4lrr rr —gOrre+gree=aaa 1 

Theſe being turned into Numbers, &c. as above, they will be 


0037,75 e — 198,5 e e = 390, 375, Which being divided by 
98,5 the Co-efficient of ee, _ . menen 


8 . > 


a 
» 
FF ² 0 er RE o Pr ae ARSE — OT AIRY - oor ator. ́—— AER So EF or EE ne wn ra no 
— 3 — —— 2 
_ tn Hae 


33 466624, Kc. =D. | 
Operation 100, 946 
nn n /41,5000000 Dr 

4 Diviſor 100,936) © 1,966624 20194847 =e 

„ Ore 1 

n 1-8 Diviſor 100,927) 9572064. 

din Wl 08343 

y one Here I proceed by 489210 


lain Diviſion without 403708 


Pratt => WR 4 4 2 WD dS ang AE 7, , EEE 
2 9 : ” 

— a 

— 288.5 35 ccc 


wing new Diviſors. 855020 
$729, 807416 _ 
I 476040 
403708 _ 
reſort 72332 &e. 


Ii 2 Let 


„„ 


ws Algebꝛa. Bill 


Let the laſt Equation in the Enigma, Chap. 9. be here pw. 
poſed for a Solution. Yiz. aa aa+baaa—caa—gdate 
þ = 2, c = 288, d = 506, and G = 1513, Quzre 3. 57 
Tryals it will be found, that the next neareſt „ 10 ben, 

ſomething more than juſt. 8 


Therefore] 1 IT —e=@ 

1x4} 2dr —de=da 

I0* xc| 3[cerr—2crebieemcaa 

16 xb| 4|brrr —3brre-þ3bree=baaa 
I 0&*| 5g[rft—4grrrebbrree=aaas 


Theſe being turned into Numbers, and thoſe duly collected, 
according as the Signs of the Equation direct, they will become 
50680 — 22374 e +2232 ee = 1513, Which being all divided 
by 2232 the Co- Efficient of e e, will be 1029—ee=22=D, 


Then 1 = e: 


— 2 


Operation 10 
—e= 3 
— 20 22 
Drier n — 
| | 21 17 r —e=0 juſt. . | 
I See the End of Chap, g. 


By what hath been already done about the Solution of theſe 
few Equations (being carefully obſerved) I perſume the Learner 
will eaſily conceive how to proceed in the Solution of all Kinds 
of Equations, be they never ſo high, or adfected; - therefore | 
hall not here propoſe many various Examples, but only take 
them as they fall in Courſe, when I come to the next Part, where- 
in you will (perhaps) find ſuch Equations with their Solutions 2 
are not common, 


Tap 71. Of Simple Intereſt, 
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CHAP. XI. 
| of Simple Jintereſk, Annuities, or Pen/ions, &c. 


[ATEREST, or the Uſe paid for the Loan of Money, is 
either Simple; or Compound. | 


Sect. 1. of 8 imple Intereſt. 


g1M PLE Intereſt, is that which is paid for the Loan of any 
Principal or Sum of Money, lent out for ſome Time, at any 
Rate per Cent: agreed on between the Borrower and the Lender; 
which, according to the late Laws of England, ought to be fix 
Pounds for the Uſe of 1007. for one Year, and twelve Pounds for 
the Uſe of 100 J. for two Years: and fo on for a greater, or leſſer 
Um, proportionable to the Time propoſed. 
There are ſeveral Ways af computing (or anſwering Queſtions 
about) Simple Intereſt ; as by the ſingle and double Rule of Three 
Gee Page 967 . others make uſe of Tables compoſed at ſeveral 
Rates per Cent. as dir Samuel Moreland, in his Doctrine of Intereſt, 
both imple and compound, all performed by Tables; wherein 
he hath detected ſeveral material Errors committed by Sir Iſaac 
Navton, Mr Kerſey upon Wingate, and Mr Clavil, &c. in the 
| Buſineſs of computing Intereſt, &c. by their Tables, too tedious 
to be here repeated. But I ſhall in this Tract take other Methods, 
and ſhew that all Computations relating to Simple Intereſt are 
grounded upon Arithmetick Progreſſion; and from thence raiſe 
E general Theorems, as will ſuit with all Caſes. In order to 
at . . | 
Pray Principal or Sum put to Intereſt. 
let) R = the Ratio of the Rate, per Cent. per Annum. 
Its the Time of the Principal's Continuance at Intereſt. 
{= the Amount of the Principal, and it's Intereſt. 


Nite, The Ratio of the Rate, is only the Simple Intereſt of 1 2. 
ſor one Year, at any given Rate; and is thus found. Li 
a. 100:6 :: 1: 0,06 = the Ratio at 6 per Cent. per Annum. 
Or 100:7 : 1: 0,07 = the Ratio at 7 per Cent. &c. 
Again 100: 9,5 :: 1 : 0,075 = the Ratio at 7 and & per Cent. 
And if the given Time be whole Years; then 1 = the Num- 
of whole Years: but if the Time given, be either pure Parts 
I a Year, or Parts of a Year mixed with Years; thoſe Parts 
Muſk be turned into Decimals; and then 7 = thoſe atoms © Sc. 
| oO 


_—— n 0 9 1 _ 


O09) SA ws 6 IO IR es. as 34444 
= — . " 


— 
—— ae 


— ——— — — 2 — 
— — 2 — ñ — — er ens x — 
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Series of Terms in Arithmetic Progreſſion increaſing; whoſe firſt 


That is, 309,841586 = 3091. 16s. 10 d. being the Anſaet 


240 = ————_ OP 
Now the common Parts of a Year may be eafily tur ln, ＋ 
verted into Decimal Parts, if it be conſidered mind... 0 

Day is the 547 Part of a Year = 0,00274 ferd *4 
That one 3 Month is the i2 Part of a Year = o, 833333 Ke | 
Quarter is the 4 Part of a Year = 0,25 | 
Theſe Things being premiled, we may proceed to raiſing the 4 
Theorems. TT ad; 
Let R = the Intereſt of 1 J. for one Year, as before, * 

Then 2 R = the Intereft of x J. for two Years, 4 
And 3 R = the Intereſt of 11. for three Leas. — 

4 R = the Intereſt of 1 J. for four Years. And ſo o 

for any Number of Years propoſed  _ [40 
Hence it is plain, that the Simple Intereſt of one Pound is a $2 


Term and common Difterence is R, and the Number of all the 
Terms is f. Therefore the laſt Term will always be t RS the 
Intereſt of 11 for any given Term fignified by t. 


, | — He 
As one Pound: is to the Intereſt of 1 l. :: ſo is an 
Io Principal or given Sum to it's Ri WS j 1: 0p 6 
iat is, 1H. X P+tRF = the totereſt of P. The py 
the Principal being added to it's Intereſt, their Sum will be = 4 Nl 
the Amount required: which gives this general Theorem. 
| Theorem 1. tRP TP A 9, 
From whence the three following Theorems are eaſily deduced, (tr a1 
FN 4 6;uf.., F es | He 
Theorem 2. — =P, Theorem 3, —— R. 0 fl 
| 11K ＋ 1 tþ 7 
3 fe 
mne 44 7 t. 10 
Theſe four Theorems reſolve all Queſtions about Simple Intereſt. O 
Dueſtion T. What will 2561. 10s. amount to in 3 Years, ont 
Quarter, 2 Months, and 18 Days, at 6 per Cent. per Annum. 
| Here is given P = 256,5; R=0,06; and f = 3,46599 . 
For 3 Years = 3 | Quære A. per Theorem |. 5 
one Quarter = 0,25 | Henc 
2 Months = , 16667 = 0,08333 x 2 Anſy 
18 Days = 0,04932 = 0,00274 x 18 I 
Hence tz = 346599 : x 0,06 = 0,2079594 =t R 11 


Then o, 2079594 x 250,5 = 53,341586 =t RP > 
And-53,341586 ＋ 256,5 = 309,841586 = t RP4+P=1. 


required. 


Dueſhur 
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veſtion 2. What Principal or Sum being put to Intereſt, will 
eaiſe 4 Stock of 309 J. 16s. 10 d. in three Years, one Quarter, 
two Months, and 18 Days; - at © per Cent. per Annum ? | 


Or the ſame Queſtion otherwiſe ſtated thus. 


What is 309 l. 168. 10 d. due 3 Years, one Quarter, 2 . 
md 18 Days hence, arenh f in * e ; A. or d iſcounting 
b fer Cont, &c. 

Hera is given han 390 d 78 b Kan Sa: 71 = = 346599 
(ound as before) thence to find P. Per Theorem 2. Firit 
540599 x 0,06 = 0,2079594 = R. Then 1 R þ 1 = 
52079594) 30 841586 = 4 (256,5 1 chat is, 256,5 
2250 l. 105. Anſwer required.” 115 


Queſtion 3. At what Rate or Intereſt, per Cent, &c. wil 
2561, 10s, amount to 309 l. 16s, 10 d. in three Years, one 
Quarter, two Months, and 18 Days? 

Here is given, P2566, 5 4 309,8415863 ; and f=3,46599 
t find R. Per Theorem 3. Firſt 309,841580 - — 25 6,5 = 
65341586 = 4 — P. Next 3, 46599 x 256,5 = 889, 026435 
ER. And R 889,026435 53341586 (00,06 = the 
Ratio, Then 1 J.: 0,06 : : 120: b=the Rate required. 


Pueſtion 4. In what Time will 2561. 10 s. raiſe a Stack of 
(ir amount to) 309 1. 168. 10 d. at 6 per Cent. &c. 

| Hete is given, P 256,53 A= 309,841586, and R=0,06 
to find f. Per Theorem 4. Firſt 300, 841586 — 250,5 = = 
9341586 = 4— P. And 256,5 x 0,06 = 15,39 = P R. 
Then 15539) | $3.341550 (3-40599 t; that is 7 = 3 Years 
nd ,46599 Decimal Parts of a Year; which may be brought 
Into common Parts of a Year, —_—_ 


„40599 And 0.66335) 8941889 2 Months, 
0,25 = one Quarter 26665 


521509 0, 02074 04933 (18 Days. 
Hence f = 3 Vears, one ie Quarter, 2 Months, and 18 Days; - the 
Anſwer required. 

lt muſt needs be eaſy to conceive, that what is here done at 
b per Cent. may be done at any other Rate of Intereſt, by form- 
ing the Ratio 8 R) accordingly. 


SCHOLIUM. 


—— — 


————— — — ee oe — . A A 
* 
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- Although it be according to the Laws and Cuſtom of Erin, 


SCHOLIUM. 


the Buſineſs is, to compute what all thoſe Payments will amount 
. unto, allowing any Rate of Simple Intereſt for their Forbearance, 


 Ru+2Ru+3Ru+4Ru4ſ5u=4 the Sum of all the Rents and 


to compute Intereſt at the Proportion of 6 per Cent. (as abore) \ 
yet he that takes up Money at Intereſt for any Time leſs tua 
even or compleat Years, pays more Intereſt than ſeems reaſonz11p Let 
due, according to the Rules of Art. As for Inſtance; if wn 
be forborn at Intereſt one whole Year, it amounts to 106“. But 1 
(I fay) if it be paid at the half Year's End, it ſhould not anom 
to 103 ; as appears from this following Proportion. =_- 
Let a = the Amounts due at the half Year's End; then it will 1 
be IOO: :: 4: 106 the Amount at the Year's End. Ergd 
aa=1oboo, and a=y/ 10600=102,9563z=1021, 19 11. ja 
which is leſs than 103 J. by 10 d. 1 d. And if it be paid in leſs Now 
than half a Year's Time, the Error muff needs be the greater. " 
„ tg ET of oe EAT © 
Sep . _ Of Annuities, o Penſions in Arrears, con. 
uted at Simple Intereſt, Nur 


ANNUITIES, or Penſions, Ec. are ſaid to be in Artem, 
when they are payable or due, either Yearly, or Half-yeatly, 
Sc. and are unpaid for any Number of Payments. Therefore 


from the Time each particular Payment became due: Now in 
order to that, | 


| u = the Annuity, Penſion, or Yearly Rent, &c. I. 
Put = the Time of it's Continuance, or being unpaid. Pain 
R= the Ratio, or Intereſt of 1 J. for 1 Year, as before, ah 
[= the Amount of the Annuity and it's Intereſt, But 
Then if « = the firſt Year's Rent, due without Intereſt, WM 
RE as: „ Ir ha 
K «= the Intereſt | due at the End of the ſecond Year. 
2 ½ = the Rent. | 
2 Ry= the Intereſt © due at the End of the third Year. ye 
zu the mag * 
3 RA S the Intere 1. - Yor "_ 
” ax; the Ronde -- due at the End of the fourth Your f 5 
4 Ru = the Intereſt 1 .. 
54 — ide Kent. $ doe at the End of the fifth Year . 
And ſo on for any Number of Years. Hence it is evident, that 4 , a 


their Inteteſt, being forborn 5 Years, 
oy | From 


as 


Chap. II. Of Simple Intereſf. 249 


6 


Here 5. Divide by a, then R-4-2 R-+3R 44 === 


Next to find the Sum of this Progreſſion (See Page 185) thus, 
It R42R+3R+4R &c. z, then 1＋2＋3 44 &c. = =, 


Here the Sum of the firſt and laſt Terms are 4+1=5=ti1, 
nd the Numbers of all the Terms is 4=?—1. Therefore 
11— 1 _ 2 


— „= the Sum of all the Terms; that is, 82 20 = F* 
PR R55 tt R- RN * 

hence — — = Zz. Conſequently — . 8 4 toe 
ag 10 


Won from this Equation it will be eaſy to deduce the following 
Theorems, | N N 


it RY— 1 RAT27 „ 


3 8 


2 4 1 2 A- 2 wa 
There 2. — Zu. Therem 3. WOW. 
tt R—tR+2t EY 3 ttu—ti4 * 


2 2A xx | , 
It —1= =} — + — ; —+ x Theorem 4. 
1 rx, then 12 . + 7 2 * Theorem 4 


Queſtion 1, Tf 250 l. yearly Rent (or Penſion, &c.) be forborn 
paid ſeven Tears; what will it amount to in that Time, at 
per Cent. for each Payment, as it becomes due? SD 
Here is given u=250, t=7, and R=0,06; to find 4. Per 
1. Firſt 250x 7 = 1750 fu, 1750 x 7 = 12250 tu. 
gain 12250—1750==1I0500=ttu—tu, and x0,06=3I5. 
lly 315 1750 2065 =; Viz. 2065 J. is the An/w. required, 
But if the Annuity, Rent or Penſion, is to be paid by Quarterly 


x half Yearly Payments, Sc. Then 2 =3:0,03 8 R for 


{ yearly Payments: and =_ = 0,015 = R for quarterly ; 


'%045= R for three quarterly Payments. Example of half 
if yearly Payments. „„ e 
0e 250 J. per Annum, to be paid by half yearly Payments, 
mem Arrears, or unpaid for ſeven Tears; what would it amm 


0, ry 6 per Cent. per Annum for each Payment, as it be 
nes due? | | 


"From whence it follows, that Ru42.Ru-3Ru+4Rut4—tu. 5 


250 Algebꝛa. Part], 


Qugſtion 2. What yearly Rent, Penſion, &c. being firlurn | 


Per Theorem 2. Firſt 75 x 0,06 = 0,42 =t R, and 0,42 x 


per Annum, &c. will raiſe 2065 l. the Stock required. 


536, 6938 = 23,1666. Laſtly, 23,1666 — 16,1666 = 


Here is given «=250, A = 2065, and t= 7; to find N 


Oo Nath” © © WAI) Heer ALBA con ene ag Os oe 


— | 
In this Example there 1s given UZI 25==*42 ; f=14 the Nun. — 

A 5 | 
ber of Payments; and R = 0,03 = Y; thence to find 4 5 


Firſt 125 x 14 =1750=tu; 1750 x I4= 24500 =t1,. 
again 24500—1750==22750=ttu—tu; then = =1179, 
and 11375 x0,03=341,25. Laftly 341,25+1750=2091%;; 
that is, A=2091 J. 55. the Anſwer required.  m 
VN. B. Hence it may be obſerved, that half yearly Paymeny 
are more advantageous than yearly. For 20911, 55, > 206; 
by 261. 5s, conſequently, quarterly Payments are more 2. 
vantageous than half yearly Payments. 


unpaid ſeven Years, will raiſe a Stock of 2065 1, allowng 6 pe 
Cent. per Annum for each Payment, as it becomes due? 
Here is given A = 2065, :=7, and R=o0,06; to find u 


= 2,94 ft R. Then ff R —t R = 2,52, Laſtlytt} 
t RT 2t=16,52) 4130=2A (250 2; that is, 250/ 


Queſtion 3. In what time will 2501. yearly Rent raiſe a Sir 
7 2065 I. allowing 6 per Cent, &c. for the Forbearance if fl 
Payments as they become due? „ 
Here is given # = 250, A = 2065, and R o, ob; to fnd 
Per Theorem 4. Firſt = = 20 = 33-3333 3 and 33, 3333 
1 = 32,3333 == - — 1. Then 16,16666 Ke. I=. 
261,3605 &c. Rx. Again 4462 /5,3 332247 


| | A : 
and 275,3333 + 261, 3605 == 536,0938 = _ +zx, The 
| 


=? the Time required, | 
Dueftion 4. If 2501. yearly Rent, being forborn ſeven Yu 

will amount to 2065 l. allowing Simple Intereſt for every Payment 

it becomes due; what muſt the Rate of the Intereſt be per Cent. Ur 


Per Theorem 3. 


Thus $714 = 12250 $4130 2 4 
"IIs | tu= 1750 ( 3500 2 2 4 


12 -u 10500) 630 =2 A—2tu (0,06=h. 
Then 1: 0,06 :: 100 : 6 the Rate required. 0 


9 


ect. 3. The Preſent Vortb of Annuities or Penſions, 
EE computed at Simple Intereſt, 


THE Buſineſs of purchaſing Annuities, or taking of Leaſes, Qc. 
for any aſſigned Time, depends upon the true equating of the 
Principal or Money- laid out on the Purchaſe, with the Annuity 
or Yearly Rent, by allowing (or diſcompting) the ſame Rate of 
Intereſt to both Parties. Which may be eaſily performed by duly 
lying the reſpective Theorems of the two laſt Sections together; 
z will fully appear by the following Queſtion. N et 


9ueftion 1. What is 751. yearly Rent, to continue nine Years, 
1. Per Theorem 1. of the laſt Section, find what the propoſed 


b per Cent. | 


Thus u = 75, , and R=0,06 * . Quere A. 
t tu 2 6075 Then 2) 5400 (2700 Þ Mn. 
nnn | R = 0,06 ; Multip ly 
-= 5400 WF $4: 6th 


Fru = 675, {= 837 =4 
2, Then by Theorem 2. Section 1. find what Principal, being 
WF put to Intereſt for the ſame Time, and at the ſame Rate, will 
amount to 837 J. = A. Thus : R=0,54=9 x 0,06; tR+1 
2554) 837 (543, 5064 =P: that is, P=543). 10s. 154, 
Wy yhich is the Worth of 75 J. a Year, as was required. 

From the Work of theſe two Operations (duly conſidered) it 
muſt needs be eaſy to conceive, how the two Theorems by which 
tiey were performed, may be combined in one. | 
* tt RA RAT27T2 


2 


Conſequently P. R 4+ P = LT ans 2 . And from 


ths Equation may be deduced the following Theorems, 


Gr, eas —_ 3 = 
A N Of 1 2tR+2 AK. 


By this Theorem all Queſtions of the ſame Kind with the laſt 


(iz, that above) may be eaſily and readily anſwered at one 
peration. | | 


worth in ready Money, at 6 per Cent. per Annum Simple Intereft ? 


yearly Rent would amount to, if it were forborn 9 Years, at 


= A; ind 2. PtR4P=4, 


K k 2 | Theorem = 
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Which gives this Theorem 4. / 1 2 =t, due 
By the ſecond and fourth Theorems, two very uſeful Queſtions 1 
may be eaſily anſwered. ; / 
1. As for Inflance: If it be required to find what Annuity, vr 1 6 
yearly. Rent, &c. may be purchaſed, for any propoſed Sum, is con- the f 
1inue any aſſigned Time, allowing any Rate of Intereſt ? * 
This Queſtion may be anſwered by Theorem 2. n 

2. Again: If it be required to find bow long any yearh Rent, whet 
Penſion, or Annuity, &c. may be purchaſed (or enjoyed) for an 4. 
propoſed Sum, at any given Rate of Intereſi? Tater 
All Queſtions of this Kind are eaſily anſwered by Theorem 4, WM... 
In theſe Queſtions it is ſuppoſed, that the Purchaſe or yearly Ko 
Rent, is to commence or be immediately entered upon. But ider 


it be required to find the Value or Purchaſe of an Annuity or yearly 
Rent, Cc. in Reverſion; that is, when it is not to be entered! — 
upon until after ſome Time, or Number of Years are paſt ; then 
you mult firſt. hnd what the Sum propoſed to be laid out in the 
Purchaſe, would amount to, if it were put to Intereſt, during 
the time the Annuity, c. is not to be put in preſent Poſſeſſion; 
and make that Amount the Sum for the Purchaſe, proceeding 
with it as in either of the two laſt Queſtions, Sc. | 
Note, From the firſt Dueftion of this Section it will be ea t0 
conceive haw to perform the Equation of Payments, between Debts 
er Creator, at any Rate of Intereſt, without doing any Damage i. 
either Party. 7 
That is, when ſeveral Sums of Money are to be paid, at ſeveral 
different Times, to find the Time when all the Payments men 
be truly diſcharged at once: as if one Sum were to be paid at tha 
End of two Months, another at ſix Months, and perhaps a third 
Sum at eight Months End, &c. And if it were required to find 
the Time when all thoſe Sums may be truly diſcharged at one r 


ment without Loſs, c. 


lt IC 


Ot 1.7 


CHAP 


8 7 Campoun Intereſt. "9 


CHAP. XII. 


Compound Intereſt, and Annuiti ha . 


OMPOUND Intereſt is that which ariſes from any Paigoi- 
Þ pal and it's Intereſt put together, as the Intereſt ſo becomes 
3. ſo that at every Payment, or at the Time when the Pay- 
ments became due, there is created a new Principal ; and for that 
Reaſon it is called Intereſt upon Intereſt, or Compound Intereſt. 

As for Inſtance; Suppoſe 100 J. were lent out for two Years, 
at 6 per Cent. per Annum, Compound Intereſt : then at the End of 
he firſt Year, it will only amount to 106 J. as in Simple Intereſt. 
Jut for the ſecond Year this 106%. becomes Principal, which 
yill amaunt to 112 J. 75s. 2 4 d. at the ſecond Year's End, 
whereas by Simple Intereſt it would have amounted to but 1121. 

And altho' it be not lawful to let out Money at Compound 
Intereſt ; yet in purchaſing of Annuities or Penſions, Sc. and 
taking Leaſes in Reverſion, it is very uſual to allow Compound 
Intereſt to the Purchaſer for his ready Money ; ; and therefore it 
Wi very —_—_ to underſtand it. ; 


Sect. 1. Of Compound Intereſt 


P = the, Principal put to Intereſt. 1 1 PT 

\ : = the Time of it's Continuance. oo before. 
S the Amount of the Principal and Intereſt. 

22 Lay amount of 1 J. and it's Intereſt for 1 Year, at 
| any Lg Rate, which may be thus found, 


is 100 ; 106: 1,06 = the Amount of 11. at 6 er Cent. 
Vi 100: 105: 1, oĩ5 = the Amount of 11. at 5 per Cent. 
nd fo on for any "ke aſſigned Rate of Intereſt, 


[henif R = the Amount of 1 J. for one Year, at any Rate. 
R* = the Amount of 1 J. for two Years. 

R = the Amount of 1 J. for three Years. 

R* = the Amount of 1 J. for four Years. 3-499 14 
R' = the Amount of 11. for five Years. Here : = s 


I: R:: R: RR:: RR: RRR. : RRR: Ra: : R*: R): &c. in = 


As one Pound: is to the Amount of one Pound at one 
at 1s J Year's End:: ſo is that Amount: to the Amount of 
Lone Pound at two Vears End, 1 | 


W hence 
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which | is Rf. 


Theorems, may be very eaſily underſtood, 


| tereſt may be truly reſolved by the Pen only, viz. without Tx 


| tet) out to raiſe a Stock of 3851. 138. 7 & d. in ſeven Tears, ( 


—Whence it is plain, that Compound Intereſt is grounded wor 
a Series of Terms, increaſing. in Geometrical Proportion « 
tinued ; wherein 7 (viz. the Number of Years) does always 15 
the Index of the laſt t and higheſt Term: Vix. the Power of ? 


Again, As 1: R=: 5 P R* = A the Amount of P fo the | 
Time, that Meche the Amount of hy 55 


| WI one Pound : is to the - Avant of one Pound for an 
That i is 


given Time :: ſo is any propoſed Principal (or Sum) | 
Amount for the ' ſame Time. 4 "oY 


From the Premiſes (I preſume) the Reaſon of the following 


Theorem 1. NEA above. 


From hence the two following Theorems are eaſil y deduced, 


Anat of Got WEE 
Theorem 2. 7. = P. Theorem 3. F Ri. 


By theſe three 88 all Queſtions about Compound [n- 


bles; tho' not fo readily as by the Help of N calculate on 
Purpoſe ; as will appear farther on. 


| Dueſtion 1. What will 2561. 10s. amount to in ſeven Yar: 
at 6 per Cent. per Annum. Compound Intereſt ? 


Here is given P= 25658 x73 an = Ee whick 
being involved until it's Index = # (viz. 7.) will become R 
== 1,50363. Then 1,50363 x 256,5 = 385,6811 4355 
135. 724. which 1 is the Anſwer required. 


 Dueftimn 2. What Principal or Sum of Money muſt be put | 


6 per Cent. per Annum Compound Interoft : ? 


Here is given A=385,681x ; ; R=1,06; and i="; to find 
by r 2, Thus R. =, 50363) 385,68 114 (256,552 

hat is, P = 2561, 10s. which is the Fare or Sum, 
Was — 


A 


11 * 


gp 12. Of Compound Intereſt. 235 


—Qwftion 3. In what Time will 256 J. 10 8. raiſe a Stock of 
(er amount to) 3851. 138. 75d. allowing 6 per Cent, per Annum 


Cumpound Intereft-f 


Here is given P = 256,53 A= 385, 6811; R= 1,06; to 


| 4 wy 85,0811 | 

ind 7 by the third Theorems K= 5 _ > — 1, 50363, 
which being continually divided by R = 1,06 until nothing re- 
min, the Number of thoſe Diviſions will be 7 t. Thus 
1,06) 1, 50363 (J, 41852. And 1,06) 1,41852 (1, 338225. 
Again 1, 06). 1, 338225 (1, 262477. And ſo on until it become 
bob) 1,00 (1. which will be at the ſeventh Diviſion. Therefore 
it will be f= 7 the Number of Years required by the Queſtion. 


Queſtion 4, Tf 256). 10s. will amount to (or raiſe a Stock of) 

385 J. 13s. 7 3d. in ſeven Years Time; what for 2 the Rate of 

tereſt be, per Cent. per Annum? „ . 
Here is given P 256,5; A = 385,68 11, and . 7, Quzre 


» 
* 


R By Theorem 3- 7 = = 1, 50363; as before in the laſt 


Queſtion, And if Rf = N = I,50303 then R=4/ 1 50 | 62 
which may be thus extracted. | b * | 1550303, 


[n- Put] Ire K, then 3 
Ty 1% | 2] +7r ebþ2rr ee=R'=1,50363=C 
E 2—r| 3/re 21er 195 
32754 3 = =D 
ear! D Nee” - 5 | 
4+ $17 8 let T , then D=0,0719 


lick ; | 
e Operation » = 1,00 
585 nn | | | 
1 — 1, oo r 
Diviſor -1z18) | 0,071 4 3 


OB — 
— 1,06 2 re = R 
11 to be rejected. 


Then 1: 0,06 :-: 100: 6 the Rate per Cent. required. 


5 0 75 15 
5 The firſt three Queſtions may be much more eaſily performed 
55 i the following Table, which is only the Amounts of one Pound 


br thirty-nine Years, 


| That 


— 2 * Re ata | | 


256 Agel. For 


That is, of R. RR. RRR. R.. R. . and ſo on w pr 


The Amounts of The Amounts | 


< = <[ The Amon | 
5 1 /. at 6 per Cent. 5 of 1 J. at 6 per Þ of 1 UL at 97 
. &c. Compound f Cent. &c. Com- [| Cert. &c. Com. 
> | Intereſt. | > | pound Intereſt. | > pound Intereſ. 
1]1.06=R | 14 2.2609039557 | 27] 48223459407 
2 1.12356=RR 15 | 2-39605581931 | 28] 5.1116866971 
113 ] 151910168==R3 | ——| 9] 54183878090 
4 [1.26247696 16 2.54035 16847 30 on 
1 1.33822 „ 2.09277 27857 |—| ————< 

5 P 143352255770 D 
— | 14 18 2.854339 1529 31 6.088 1006432 
641418519122 | 19] 3.025 5995021 32] 6.4533866818 
7 15036302590 20 | 3.2071354722 | 33| 6-84058988:8 
63999400783 57.54. 34] 725102527 

9 | 1.6894789590 21 3-3995030005 35 7.68686) 
10 | 1.79084 76965 2238835374 — — — 
„„ | 23 | 3-8$197490616 | 36] 8.1472519998 
11 | 1.8982985583 | 24 | 40489340413 | 37] 8.6360871198 
12 2,0121964718 | 25 | 4-2918707197 | 38] 9.1542523470 
"v3 21329282601 0 26 1 4.54938 29629 | 39 9.7035074878 


The Title of this Table ſhews it's Conſtruction, and it's Uk 
will eaſily appear by an Example or two. - 


EXAMPLE rx. 


M bat will 375 l. 10s. amount to in nine Years, at © per Cent. 
per Annum, &c? . gee ny | n 
The tabular Number againſt 9 Years is 1, 689479 which being 
multiplied with the Principal 37 5, 5 will produce 634, 3903 Sc 
viz, 6341. 85, ferè, being the Amount or Anſwer required, 


EXAMPLE 2. 


What Principal (or Sum) muſt be put to Intereſt to raiſe a Stuck | 
of 634 1. 85. in nine Years Time, at 6 per Cent, per Annum, Tc, 

It the propoſed Stock (viz. 634, 4) be divided by the tabular 
Number that is againſt the given Number of Years (viz. g.) the 
Quotient will be the Principal (or Sum) required, Viz. againſt 
9 E 1, 689479. Then 1,6894709) 634,4 (375,5 2375 l. 101. 


the Principal (or Sum) required, 


EXAMPLE 3. 


In what Time will 375 l. 105. raiſe a Stock of (or amount 10 
- 6341. 8 8. at 6 per Cent. &c ? | - 
9 | 


————̃ ͤ ſͥ⁰ ———̃ x . — : 
= —_ 
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"Tjvide the propoſed. Stock (viz. 634, 4) by the given Principal 
(wiz 37555) and the Quotient will ſhew the tabular Number 
har ſtands over againſt the Time ſought, Thus 37535) 03444 
5689479 c. this Number being fought in the Table, Will 
de found to ſtand againſt 9 Years, which is the Time required, 
But if the Quotient cannot be. truly found in the Table of , 
Amounts for Years, as above; then take out of that Table the 
neareſt Number that is leſs, and make it a Diviſor, by which you, 
nut divide the firſt Quotient; and then ſeek the ſecond Quo- 
tent in the Table of Amounts for Days (which is inſerted a little 
further on) and it will aſſign the Number of Days: as in this 
Example. . 5 


ud 


— # 


2591 


I what Time will 563 l. amount to 860 l. at 6 per Cent. per 
Annum, Compound Intereſt? ; 8 - N 

| ; Anſwer. In 7 Years and 99 Days, 
Thus 563) 860 (1,52753 which ſhews the Time to be mote, 
(or above) feven Years; for over againſt 7 Years is 1, 50363 
which being made the new Diviſor: Viz. 1, 50363) 1,527523- 
(1,01589 Cc. this Number is the neareſt Amount to 99 Days. 
Note, If the Stock, Principal, and Time be given; the Rate of 
Intereſt will be beſt found by extracting the Root, &c. as before in 
th frurth Queſtion. | 


S The next Thing that I ſhall here propoſe, is to make this 
Table (which is only calculated for the Rate of 6 per Cent.) 
niverſally uſeful for all the Rates of Compound Intereſt, which 
U may preſume to ſay, is a new Improvement of my ewn, being 
ell ſatisfied it never was publiſhed before; and not only ſo, but 
Tk heard ſeveral very good Artiſts affirm it was impoſſible to 
be done, | ye | 
The Method of performing it is briefly thus, Let x = the 
Difference between 1,06 = R the Amount of 1 J. for one Year 
in the Table) and any other propoſed Amount of 17. for one 
Yer; which admits of two Caſes, 85 


| the | „ 
inſt Caſe 1, If the propoſed Rate be greater than the 1,06 = R, 
mM WW will R + x = the true Amount of 11. for one Year at that 


Kate, 


Cafe 2. But if the propoſed Rate be leſs than 1,06 = R, then 
t will be R— x = the Amount of 1. &c. . 
ake WES ü- 2 2 c, {—3=4, t—4=/1 &c. 

J =wn, Tx =1, EFntS7T Be. 
5 Then 


in Caſe 1. And R. — f RIνπ g Rex? — M Rd &c. het 


ever it is) be involved (as directed in Se&. 5. Chap. 2.) to the 


— 8 
. 


* 


FEE 9 — 


— — 


Then will R. rf N & ＋ g Rex + m R x* Fe. dg 
Amount of x /. at the given Rate, for any Time denoted by t 


Amount of 1 J. in Caſe 2. | 
Which is no more but this: Let R or R — x (which fo. 


ſame Power or Height as the Index t the given Time in the Que- 
ſtion denotes : rejecting all the Powers of & above xxx or xxx; 
at moſt, as uſeleſs. Then multiply that Power of Rx or 


R -x into the given Principal, and their Product will be the f 
Amount required. TI | P 
An Example or two in each Caſe will render all eaſy, yh 
EXAMPLE rt. % 
Suppoſe it were required to. find what 256 l. would amount 11 in re 
fifteen Years, at 8 l. per Cent. per Annum Compound Intereſt 
Here t=15. EE EY © 26 0 
Firſt 100: 108 :: 1: 1,08 the Amount of 1 J. at 8 per Cen. 
Next 1,08—1,06==0,02=x. And R+x=1,08 as in Caſe 1, For 
Then RD +15 RAY 105 RX T4455 RP Xxx &c. = the | 
Amount of II. for 15 Years, at 8 per Cent. 2) 
Here x= 0,02 . xx = 0,0004 . and xx x = ,000008] af 
3 By the Table R. = 2, 300558 p 
{$$ 15R'*Fs = 2,260904 x 15x,02 = 0,678211p..; 
And 3 105 R xx = 2,132928 x 105 x ,0004 = 0,089;3; WW... 
' C455 Ri? wxx=2,012190 x 455 x z000008 = 0,007 324 4 
Sum = 3, 173 len 
| x | | for I 
Then 3,171736 x 256 = 811,964416 = 4. ben 
That is, 811/. 9s. 3% d. fere. Which is the Anſwer required, 5 
10 0 | | be 
EXAMPLE 2. 1 
| n 
What will 3651. amount to in. ſeven Years at four and a baff bv 
per Cent, Oc, 5 5 | 2 
Firſt 100 : 104,5 :: I : 1,045 the Amount of 11. at 44% B 
per CU Mm.. e = 
Next 1,06=1,045=0,015=x, Conſequently E =I, 
as in Caſe 2. | | 


Then R'—7 R5x+21R5 xx—35 R*xxx &c. = the Amount 
of 11. for 7 Years, at 45 per Cent, 


Here 


K 1 WH oe 


— — —— — er — ad ha wee 
Z - 


ap. Of Compound Intereſf. = 


in —U—— 8 - 
as | Here x 5,015; X * 2 ,000225 ; and æ * v =:000003375 
7 By the Table R = -þ 13503620 


(= 7 Rex - „46944 
Andy +21 R' x x = + 05006323 
 T— 35 R* xx ix = — 0,000141 


b = 7 —7 Rx +218) xx 35 RNA = 1, 360868 

le- Then 1, 360868 X 365 — 496,7 1682 = A. | 

x x" That is, 4961. 145. 3 5d, is the Anſwer required, A | 
or. | AE f 

the If the Reaſon of theſe two Operations be but well underſtood, 


* 


it will be very 4 to conceive-how-to-find P, the Principal, 
by having 4, t, and & given (becauſe R and it's Powers are al- 
ys given by the Table.) 


fr Rt Nr +2 Rex Eu Raxxx x Þ I (as above.) 
Rs 8 E 3 
17 ene R. þt Rbx bg Reæ * Rd * & e 
Or if 4, P, and t, be given, x may be found. 
Ty ot Rb f Rix + g Rex Xx TEM Rd & * * > This Equa- 
de dan being ſolved (as in Chap. 10.) the Value of x will be found; 
ol and then either Rx, or R—x will ſhew the Rate of In- 
* . 1 3 5 
"WW But 1 ſhall leave the numerical Operations to the Learner's 
fy Practice, ſuppoſing enough done to ſhew how all Queſtions of 


this Kind that are limited by whole Years may be computed. 


— And if the Time given or ſought be not terminated by whole 
zo Years, but by Weeks, Months, Quarters, or Half-Years, '&c. 


fr reſolving ſuch Queſtions, the beſt Way will be to reduce thofe 
parts of a Year into Days; that done, find an Anſwer accord- 
Ing to the Demand of the Queſtion (and agreeing to 1 J. as be- 
fre) for that Number of Days; and in order to that, it will 
de requiſite to find the Amount of 1 J. for one Day (as in my 
Lnpendium of Algebra, Page 110) which I ſhall here inſert, 


ut a= the Amount ſought, then it will be 
114 :: 4: 424 :: 44 : 444: : 444: 2 42 44 = to 465. : 


Ai one Pound is to it's Amount for one Day :: ſo ts that 
Amount : to the Amount of two Days :: and fo is that 


of two Days: to that of three Days, And ſo on in = 
% 365 Days. | N 
e : L l 2 | Then 


260 Me "Algebra. d ee 


3 


Put IIS Te =. And let T1 
1 ©-365 | 2 | #355 4-365 r35* eþ664307353 real — =1,06 
2 in Numb. | 3| 1 + 365 ＋ 66430 e2= 1,06 
| —T| 41 365 e + 66430 ee= 0,06 
4 = 66430 | 5 | ,00549 e + ee = 0,0000009032 = D | 
D. 
$E1 9 


Operation ,00549 


Iſt Diviſor oog 50) 0,0000009032 


1ſt Diviſor 0054950) 0,0000000019035503 0,000000346417 


= 2d Diviſor 5605404614 35263900 


= $,00015905 3587453 Ke, 


a. 


Then che ft 72 = Terms will be 4 6 1 „06 


| b = 500549 +e 


w_ 8 50001 


JI, ooooooo =r 1 
o, 00 1598 = 


+ « = ,09015_ 559 1,0001598 =r þe=q | 
2d Diviſor ,0057 4 )3442 true to the 7th Figue | 

+ e = ,000059. 2870 and only too much by 
4 8 "Jaane: 2 in the $th, at one 
WIE "Be on 


New r = 1,00016 for a ſecond Operation, Then 
2 in Numb, | 7 1,06013401407 + 386, 887 e+ 70402,17246 
= 1,06. Hence it appears that r —e=a. 
Therefore | 8 1,0601 3401407 — 380,887 * 70402, 17200 
="x;06 
8 | 9386, $87 2—70402,172 e e=0,0001 3401407 
9 — | 10 | ,005495J — ee = ,0000000019035503 
3 ,0000000019035503 
„„ WLIIID 
Oneration 0054953 wh 
— = 3 | 
T ͤ K » /1,00016=r 


10 ＋ x 


3. 164850 1, 00015965359 


200549466 92550503 — 
— 2 46 2797864 


e 64 22967 684 


3d Diviſor ,00549460 _ 2296216 
5 . 2197840 


Which being further purſued to a third Operation wen 


417 
503 


al 


_— 
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7 Value of @ is the Amount of 1 J. for one Day, from 


hich, if 1 J. be ſubſtracted, the Remainder =,00015965 358 
ng” be the Intereſt of 1/7. for one Day. Conſequently, + 56's 
copoſed Principal be multiplied into either of theſe, the reſpective 


product will be the Amount or Intereſt of that Principal for one 
Day, at © per Cent, &c. ny 
And that the Amount 


(or Intereſt) of any Principal or Sum 


may be ealily computed for any Number of Days leſs than a 
Year; I have here inſerted the following Table, which with a 
reat deal of Care (and I believe Exactneſs) is calculated from 
the laſt found (1,000159053587453) Amount of 17. for one 


Day. To which alſo is an 


nexed a Table of the Amounts of 1 I. 


ſor Months. | 

| © Amountsof 17. E Amounts of 14. & Amounts of 1 /. | 
< &c. 8 &c. = &c. 
1 | 1.0091 5960530 26 1. 0041592879] 5110081749166 
2 1.0003 193326 271.0043 196055 5210083358753 
3 1000490372] 28 N. 0044799487 5310084968597 
4 | 1,0006387673 | 29 | 1.0046403175 54 1.00865 78699 | 
5 1. 007985229 39 | 1.0048007120| 55 [1.0088189057 | 
6 |1,0009583039 | 31 | 1.0049611320 56 1. 0089799673 
7 | 1 0011181105 | 321.005 1215776] 57. 0091410545 
8 |1,0012779426| 33 | 1.0052820488| 58 |1,0093021675 
9 | 1.0014378002 | 34 | 1.0054425457 | 59 | 1.0094633062 
10 | 1,0015976834 | 35 | 1.0056030682 | 60 | 1,0096244707 
11 | 1,0017575920 | 36 | 1.0057636164 | 61 1.00978 5668 
12 | 1.0019175262 | 37 | 1.0059241901 | ©2 | 1,0099468767 
13 | 1.0020774859 | 38 | 1.0060847895 03.1 1,0101081184 
14 | 1,0022374712| 39 1.0062454146 64 10102693858 
15 10023974820 401. 064050653 65 0104306789 
161.0025575 184] 41 | 1.0065667416 | 66 1.01059 19978 
17 | 1.0027175803 | 42 | 1. 0067274436 71.0107 533424 
18 | 1.0028776677 | 43 | 1.0078881712 | 68 |1.0109147128 
19 | 1.0030377808 | 44 | 1 0070489245 69 [1.0110761090 
20 | 1.0031979193 | 45 | 1.0072097035 | 70 [1.0112375309 
211.0033 5808 50 46 |1.0073705082| 71 1.0113989780 
22 | 1,0035182732 | 47 | 1.0075313385 | 72 |1.0115004521 
23 | 1-0036784885 | 48 | 1.0070921945] 73 | 1.0117219513 
24 | 1.0038387294 | 49 | 1.0078530762| 74 [10118834704 | 
25 { 1,0039989958 | 50 | 1.0080139835 | 75 1.01 20450272 


7 


Days 


| Amountsof 11. 


Kc. 


| 4.01 1122066038: 
| 1.0123682062 


I 0125398344 


1.0126914885 


1 0128531083 | 1, 


— — — 


10130148739 
1 0131766054 


1.01333 83627 


10135001458 


. 9135619547 
10138927895 


| 1 0139856501 | 


| 1-0141475305 
1.01430944.88 
a 10144713869 


10146333511 
10147953408 
10149573565 


101511939811 


1.04 52814655 
10184435889 


1 0156950781 | 


1.0157678232! 


1 5 na | 


4 01060921910} 


1. . 0162544138 | 
1.0164 166624 | 


1.0165789370 
1 i 
10169035638 


I 170659161 | 
| 1.0172282944. | 


| ee 
10175513086 


| 1.0177155840 | 


1.01787 80665 
1.01890405744 
1.018203 1083 
| 1.0183650680 


© | Amounts.of 11. 


116 1018698655 


711018853 5031 
1.0190161667 


| 1-0199926934 | 1 
1.0201555389 |. 


| 1 02097 Ol 569. 


| 1.9234179146 


| 1.0242351372 


| 1.0245622089 | 
| 1.0247257830 


10206442319 


1.021459 2397 
| 1.0210223193 


| 1.0217854250 


1.0221117144 


4 
4 
+ 


&. 


10191788563 
2493455719 
1.0195043134 

1.0 196670809 

1.0198298745 


10203184110 
1.020481 3084 | 


1,0208071814. 


1.021 133 I 585 
10212961861 


1 02 1 9485 567 


10222748982 
1.022438 1081 
10226013440 


| 1,0227646060 | 1 
| 1-022927 3940 


1.0230902081 
1,0232545483 


1.023581 3069 


2023747253 
1.023908 1699 


1.02407 16405 


1. 0243986600 


1. 0248893851 


I .02505301 24 


| Amounts of / 
1.02521666;8 
1 10253803453 
| 1-9255440509 


; 1.02603 5324) 

| 1.0261991349 | 
11 02636297 713 
| 1.0205 268338 
1 1. 0206907225 


11 0270185784 
8 1. 0271825450 
| 1-0273465389 

122 


| 1.0276746046 | 


1. 0258716406 
— —— 


„ 


&c, 


10257077827 


I 0268 546374 74 


10278380764 


1. 0280027740 


1.028 1668989 


5 1.02833 10404 


1 — 


1. 0284952202 


| 1.0280594291 


1.0288236583 


1 1.0289879137 
| 1-0291 52195; 


{ 1.0293160231 
1. 0294908372 
31. 0296451075 
1. 0298095841 
N 1.02997 39069 


: 1.0301384359 
1. 0303029012 


1. 0304673928 
1. 3063 19200 


| 1.030796455 
|. 1,0309610251 


1 0311256216 | 
1.0312902445 
I 314549997 
1 09 6195692 


10185282578 


Di) 


— 


—— 


— 


1 


re 
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1 


10317842709 


1.03 24433410 
1.03 2608 1742 
1.03277303 39 
10329379198 
1.033 102832 
1. 0332677706 


10334427355 
| 1-033597 7208 
1,0437027444 
1,0339277883 
1,0340923586 


1 [10342579552 
10344230782 


1.0357450115 


0360757587 
10362411719 
1. 0364066116 
0770. 


1.0369030889 
10370686342 


6378654287 


1. 0378967573 
10380624612 


9 1.03194899 90 
8 | 1.0321137534 | 
1.032278 5341 


\| 1,03445882275 | 
1:0347534033 |; 
4 | 1,0349186054. | 
1.0350838338 || 
1.0352490887 | 
1,0354143699 | 
1.0355796775 | 


|1:0359103719 |, 


103673757 


10372342059 
1-0373998041 | 


10377310798 | 


1 


- Amounts of I. 
Ke. 


b 0383939484 
þ 193855973418: 


1.038725 5415 
' 1.033891 3778 


[1.9399572495 | 
1.039223 1298 
1. 0393890454 
1095748 
1.0397 209563. 
1. 0398869515 | 
1.04005 29732 
1. 0402190214 


1. 0403850961 


10405511973 
10407173250 


1.0417146485 


1. 418809620 
1. 0420473021 


1.0422136687 


1.0423 800618 
1.42 5464815 
10427129278 
1. 0428794007 


1.04304 59001 


10432124261 
1. 0433780787 


110435465579 


10437121637 
1. 0438787961 


10440454551 


1.0442121407 
104437885 20 
1.044545 5918 


1.0447 123572 


1. 0408834793 
1. 0410496601 
-|-1-044-2445 8674. | 
| 1.0413821012 | 
] 10415483616 | 


» Amounts of 1/, 
&c. 


1. 40459580 
1 .0452128133 
11.0453796853 
0455446584 
0457135092 
0458804611 
| 10460474397 
} [10462144449 
10463814768 
[12165484355 | 
1.0467 156206 
4. 0 468827325 
1.0 470498711 


1.047 2170363 
1. 473842283 


10475514459 


1.0477186923 


1.04788 59643 


1.048053 2631 
1. 0482205885 


1,0483879407 
10485553196 
1.0487227252 
.1.0488901576 
1.0490576166 


Mc. ti. ite. 


| 1.0492251025 | 
| 1-0493926150 | 


1. 495601543 


11.0497277204 


10498953132 
10500629325 


1. 0502305790 


10503082521 


110505659519 
883325 


105090143 20 
1.05 10692121 


11.05 12370191 
1.05 14048529 


2 


| 10382244 916- | 


1 1:0448791493 


Days 


Algebza. | 


— 


Part 11 


1 Amounts of 1/., V, Amountsof 1]. . Amounts er 
8 di ST US}5> ho 
3161.05 17406008 339 | 1-055bogg 16s 362 1059492407 
317 1 340 | 1.0557779484 303 1,9596616154 || 
AE addin >>) of RON WR _ inns 32. 0508 
rn 1.05322444237 | 34! 1.05 59465071 1 "0590307942. 
320 | 10524124183 | 342 | 10501150927 | 
2 * — | 343 1. 0562837053 GE Faw 
321 1.9525804.397 | 344 | 1.0564523448 | 
Þ Ju 1 345 |1-0506210712 sg... 
%% TL TEE InAs I The A 
324 | 1.c5308466;0 346 | 1.0567897045 | = | of 11 A 
325 10532527937 | 347 | 19509584248 | f Cent, 
— — — | 34 10571271720 8. For Months 
326 | 1.0534209493 | 349 | 16572959594 — — © 
327 1.0535891317 | 350 | 1.057464747 22 1.0048675:0; 
340.1-1-053737/$$10 1, 21.009759 
329 | 1.0539255771 | 35! | 19570335753] 3 120146759 
3301.054093 8401 = en e 440196128224 
331 1. 0542621300 354 | 10581402211 <2: 2245755398 
332 | 19544304467 | 355 | 1-0583091570 | '6 | 10295630141 | 
533 | 493459097993 1.205 HE 7 | 193 641 
334 | 10547671608 356 3 8 ee 
335 | 1.0349355582 | 357 | 1-2530471097 | 90446706634 
e - | 358 1.0588 16126510 1.040) 55650 
336 | 1.055 1039824 359 1.05898;1703| —— "2 my 
337 1.055 2724336 360 | 1.0591542411 | 11 | 1.0548653894 
338 | 1.0554409116 | 361 J1,0593233389! 121100 


The uſe of this Table is in all reſpects like that of whole Years 
in finding the Amount of any given Sum for any propoſed Num 


D 


ber of Days leſs than a Year. 
EXAMPLE 1. 


Suppoſe it were required to find the Amount of 375 l. for 21 
OS Days at 6 per Cent. | 


The Amount of 11, for 210 Days is 1,0340928 Cc. per Tabi 
Then 1,0340928 x 375 = 387,7848 Sc. = 387 J. 155. b46 
which is the Amount required. And the reſt of the Variation 
may be performed juſt as in the Examples of whole Years. 
| But if the Time given conſiſts of Years, and Parts of a Ye! 
as Quarters, Months, &c. Then reduce the odd Time or Part 
of the Year into Days; and the Anſwer may then be found 4 
two Operations; as in the following Example. 


EXAMPLA 


1 ſe it were required to find what 265 1, would 
aye 2 Years and 135 Days at 6 per Cent. &c. 
| I 5 5 Years is 1, 338225 Cc. 
Firſt the Amount of 1 J. for 3 135 Days is 1,021785 Sc. 
Then 1, 338225 X 1021785 * 265 J. = 362, 355232, De. 
being the Amount or Anſwer required. | 1 7 


0r, if the Amount and Time are given, to find the Principal; 
"Then Multiply the Amount of 1 J. for the Years, and the Amount 
of 11, for the odd Days together; And by their Product divide 
te given Amount, the Quotient will be the Principal required. 


ample 3. har Biegen will raiſe a Stock of 3621. 7 5. 14. 
Or 362,3552.32 J. in 5 Years and 135 Days, at 6 per Cent, Se. 
8 5 Vears is 1, 338225 Cc. + 


Amount of 1 * 7735 Days is 1, 021785 Cc. 


Then 1,338225 X 1, 021785 = 1, 367378 &c. the Diviſor. 
et 1,367 378) 362, 355232 = 4 (2651. the Principal re- 
wired, 5 . 25 CI WT SE 85 | 5 
Again, if the Principal and its Amount are given, to find the 
Tine, at 6 per Cent. &c. you mult divide the Amount by its 
Principal, and then proceed as in the Third Example, Page 256, 
or the Anſiber require. 1 | 

het if the Amount and its Principal, with the Time of its being 
t Intereſt, are given, to find the Rate of Intergſt; Then proceed 
zin the Fourth Qugſtion, Page 255, Sg. | 
No in order to make this Table of Amounts for Days, uſeful 
rr all Rates of Intereſt (as before in that for Years) you muſt firſt 
nd the Simple Intergſt of 1 I. for one Day, both at the given 
ute, and alſo at 6 per Cent. And call their Difference x. : 
Thus, ſuppoſe the given Ratio were 8 per Cent. per Anmum 
it 130: 8 :: 1: 008 And 100: 6 :: 1 : o, ob the Two 
imple Intereſis for one Lear. | | . 
Then 365) 0,08 (o, oooz 1917 Ec, the Simple Intereſt of 1 J. 
Ir one Day, at 8 per Cent, | e 
and 305) 0,06 (o, oo 16438 c. the Simple Intereſt of 1 l. 
Ir one Day, at 6 per Cent. | 1 
Their Difference 0,00005479 = x which may do indifferently 
ell for ordinary ſmall Quęſlions; But where Exactneſs is requir- 
, It will be convenient to make Ute of this Proportion, 


duced theſe Proportions. | 


266 Algebra. Part 1, 
As the Simple Intereſt of 1 J. for one Day at 6 ter Cm. 
| Is to the Tabular Intereſt of 1/, for one Day ©; 80 is the 
Viz. 1 ba 
Simple Intereſt of 1 J. for one Day, at any given Rate: 


To a Fourth Number. | 


That is, 0,000 16438 : 0,00015965 :: 0,00021917 : 0,0002128 
Then 0,00021286 — 0,0001 5965 —0,00005 321==x, 


This x being irvolved with the reſpective Amounts for Days, 
the fame Manner as was done with thoſe for Years (vide Page 250 
the Reſult will be the Anſwer to the Dueftion, 


Sect. 2, Annuities or Penſions in Arrear computed 
„ Compound Intereſt. 


When Annuities, &c. are ſaid to be in Arrear, ſee Page 28 
And I ſhall here make uſe of the ſame Letters to repreſent the 
ſame Things as before in that Page, ſave only that R is here equa 
to the Amount of 11. as in Section 1. of this Chapter, 


Suppoſe # = the Firſt Year's Rent of any Annuity withoy 

Intereſt. * 

u p. 1. the Amount of the Firſt Year's Rent, au 

Then wi 0 +#=4 its Intereſt; More the 2d Year's Rent, 

the Amount of the 1 and 2d Ju 

And RR. Ru = & Rents, with their Intereſts; More thi 
e 3d Year's Rent, cc. 

Here RRu+Ru+u==A the Amount of any Yearly Rent « 
Annuity, being forborn Three Years. And from hence may be de 
Viz, u: Ru: : Ru: RRu:: RRV: RRRn and fo on in 2 

any Number of Terms or Years denoted by t, wherein the | 
Term will always be aR*- 
Conſequently A AR = the Sum of all the Anteceden 
And A—y the Sum of all the Conſequents in the Series. 
And therefore it would be u: uR : : ALR: A—u Vi 
Page 188, 

Ergo Au uu=RuA—uuR* which, being divided all by 2, V 
become A- — RA—uR. SD 

From this laſt Ægpuatim it will be eaſy to raiſe the follow 


Theorems, | 


; R—. 
heo 0 ? — = 0 — — == i, 
Ti rem 1 12 A. Theorem 2 +. 


Chap. 12. Of Compound Intereſt, Kc. 267 


Theorem 3. 7 — = N. If this Aquation be continu= 


ally divided by R, until nothing remain, the Number of thoſe Di- 
ßen will be f. See Page 255. N 


A A—u 
Theorem 4. 4 ＋ R. 


— If this A quation be reſolved 


to Numbers, according to the Method propoſed in Seat. 4 
Chap. 10. the Root will ſhew the Value of R. | 


Queſtion 1. / 30 l. Nearly Rent, or Annuity, &c. be forborn 
ile. remain unpaid) Nine Years; what will it amount to, at 6 per 
(ent, per Annum Compound Intereſl 8 1 
Here is given 42230, ? =9, and R=1,06; to find A. per 
7m 1, 4 1.7 ae nt eee 
5 N, 689479 By the Table of Amounts for Years 
8 230 = 1• : | 
Du = 50, 684370 


atk 
— 


—J 


— ot. 


R—1—0,06) 20,684370 (344,7395 = 3441. 145. 91d. A 
the Amount required. 2 Wn 


= Queſtion 2. Mat Yearly Rent or Annuity, &c. being forborn 
w unpaid Nine Years, will raiſe a Stock of 3441. 145. 91d. 
= 344,7 395, at 6 per Cent. &c. 3 
lere s given A=344,7 395, t 229, and R= 1,06 ; to find u. 
Wper Theorem 2. 1 . 
AR = 34457 395X1,06 = 365, 42387 
| A= 3447395 


K 18 1,6894718, 689479) 20,6843) (30 | 


Queſtion 3. In what Time will 301. Yearly Rent raiſe a 
block or Amount to 3441, 145. 95d. allowing 6 per Cent. for the 
Inbearance of Payments? 


Here is given u = 30, A=344,7395, and R=1,06; to 
115 per Theorem 3. - al 

| bp A= 365,42387+39—3447395=50,68437. 
©1230) 50, 68437 (1, 68940 = R. Then 


o on until it become 1,06) 1,06 (1 which will be at the 
nth Diviſion ; therefore 1 — co ” 
Mm2:. Or 


5 1,6894) (1, 593848. And 1,06) 1, 593848 (1, 50 3633 
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Time required, - 


every Payment as it becomes due, N. bat muſt the Rate of Inter/ſ le 


Hence there is this Equatim 11,491 317 5 Fe = 10491317 


Or Re — —1 180 being ſought in the Table of Ammints f0. for 
Years, will be found to ſtand overagainſt 9 Tears, Which is the 


Queſtion 4. / 3ol. per « Alan being unpaid Nine Yrs, 
will amount to 344 1. 145.' 92d. allowing Compound Inter- eſt fo 


per Cent. &c, 
Here is given „30, A= 3440 398, and t=9; to find þ 
by the laſt of the Four Zquations, Viz, 155 —R— Riz {= 


1 


Firſt 2 = 242 J = 1,4913174 


Let + e = R, and ſuppoſe r = 
1 & 9]2þ? + 9% + 3677 ee = RY *Þ 
1X —in Numb, 6491377) + 17,49 1377er 11, 4137 ner 
2 in Numb. 4} 1,000000 + 9,000000e ? 36ee= R # 
i Ws 4 415 10,491317+2,4913176— 36ce = 10,49131 * 
| W dene 6 36. ="2,491317e whicl 
6— 36ej7Þþ = o, ob &c. | From 
- * © 4s may * eaſi h try'd by mk 
Firſt r=1 > =1,06=Re< vin t, and ordering it, as | 
+. e = — 0 0 | + ade 4 2 7 Tl, 
kt Equation above diretts, * 
gelt inn 3. To fnd the Preſent Worth of Annuities, Pn 
ions, or Leaſes, &c. al Compound Intereſt. Dar 
Let P the preſent Worth of any Annuity, or Loſe, &c. an 717, 
the reſt of the Letters as before. 
Then, from what has been ſaid in Section 3. Chap. 11, ab which 
Purchaſing of Annuities, &c. at Simple Intereſt, it will be e 
to form the like Theorems here at Compound Intereft, viz. by Co &3 
bining Theorem 1, Page 266. and Theorem 1. Page 254 in 57 5 
one Theorem. _ "2 A 
1 Ws Amount of any early Rent being ua ere 
For = — A . any Number of Years. Per Theorem 1. 
"LES" Ts the laſt Section. Page 266. fer Thy 
155 The Amount 0 4 any Principal or Sum being put 
And PR'=4 ; Intereſt, for the ſame Number f Years. Per Th And 


orem 1. Page 25 4. Hie 


Gp, hp, 12 of f Compound Intereſt, Fe. 269 


R — 
Hence it flies: That P = == r 
Vis, PR PR = AR — 1 being the very ſame & mender 


bat in my Compendium of Algebra, Page 112. which is there 
— 4. he eee of purchaſing Annuities, or taking of 


Luſes, &c. to de grounded upon a Rank or mam of Geometri- 
al Proportionals continually decreaſing. "Thus — F is the Firſt and 


Gate Terms ; R the common Ratio of all the ws; ; and Pis 
the Sum of all the Series. 


/ 


1 1 RT 


until he laſt Term = *. Then kl p. __ be the Sum of al 


the Antecedents, and P — FA the Sum of all the 0 onſe quent 
Pe it will be 


x | 7 | 2 
the ſame Ratio 6 0 SD an 5 
| 75 Or (in ) E | = . 


which produces PR 1 — uR PR — 2. As above. 
From this Zquation may be e the tollowin g Theorems. 
3 


PR: x R : — ER P 


2% # 
Therem r. RP. Theorem 2, 4 r N 
ZXR —1 


3 Which, beiny continually dividad | 
Theerem 3. rin Re WB R, wull give t. 


Theorem 4. 15 5 = 1 = R — R.. The Refolving * 
wich Æquation will deore the Value of R. | 


Queſtion 1. V hat is 30 l. Yearly Rent, to continue Seven Years, 


wrth in ready Money, allowing 6 per Cent. Compound Intereſt to the 
Purchaſer 2 


Here is given u = 30. 1 7. And R = 1,06 to find P. 


. I. Vix. = = TICELE Kon — 19,95 T7. 


R 
nd 30 — 19, 9517 = 10,48; 2 — =; 


Then 


Tp. 12. Of Compound Intereſt, &c. 27x 


. Theſe Four Due/Itons include all the Farieties that can be pro- | 
poſed about purchaſing Annuities or Leaſes, &c. which are to be 


eiter immediately enter'd upon, or in Poſſeſſion at the Time 
when the Purchaſe is made. 2 $a 


But ſuch Oueſtions as relate to Annuities, or a taking of Lag | 


2, Kc. in Ræverſſon, muſt be parted or divided into two din 
einm, each to be ſeparately conſider d by itſelf (See Page 252.) 
As in the following Examples. | £ 
Example 1. Suppoſe it were required to compute the preſent Warth 
if 751. Yearly Rent, which is not to commence or be enter d upon, un- 


tl Ten Years hence; and then to continue Seven Years after that Time: 


a b per Cent. Sc. Compound Intereſt? ” 


The Firſt Work in this Que/ion is, to find what 75 I. per Ar- 


um to continue Seven Fears, is worth in ready Money ; as if it 
were to be immediately enter'd upon: And to perform that, there 
b given 2 =75. R==1,06. and f = 7. to find P. as in the 
Firſt Pue/tion of this Section. | | . 


Ths, F. = 77747; 40,8703 And 75——49,8793=25,1207 


3 
Then, R 1 = 0,06) 25, 1207 == 418, 6783 418 J. 14 5. 644. 
the Anſiuer to the Firſt Part of the Quęſtion. 


Then the next Work will be, to find what Principal or Sum be- 


ing put out Ten Years, at 6 per Cent. &c. will amount to 4181. 
145, 64d, Here is given A= 418, 6783, R= 1,06, t=10, 
to find P. Per Theorem 2. Page 254%. c | 


Thus Ro = 1,790847) 418,6783 = A (233.7884 = 2331 


j. 9 d. the preſent Worth of 75 l. per Annum in Reverfion, &c. 


As was required. 


Example 2. What Annuity or Yearly Rent to be enter'd ales 
en Tears hence, and then to continue Seven Years, may be purchaſed for 
ww, 15 5. 9 d. Ready Money, at 6 per Cent. c. Compound In» 
lere 3 - e 


In the iſt Work of this Quęſtion there is given, P 233,884 


= 1,06. And : = 10 (the Time which the Annuity is not be en- 
ird upen) to find A, Per Theorem 1. Page 254. 


Thus, PR. 233, 7884 X 1, 790847 = 418, 6783 = A the 
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— 
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iis TE. 


Thus PR R=418,67831,50363X1,06= 667,309; 


That is, 475 L the Yearly Rent required by the Odin 


| OQ1 


Amount of 2331. 155. 94d. put to Intere/t Ten Hart, at 6 N, 
Cent. &c. Then for the Second Work of the Quęſlion N 
given P 418, 6783. K = 1,06 , And . 7 (the Time thy 
the Annuity is ta be enjoy d.] to find v. Per Theorem 2. of this | 


=—arax- | 


4 


| 


— PR'=418,6783X1,50363 = 629,5372 
 K—1=0,59363) 37,7723 


- - Theſe Two Examples of finding P and u do fully ſhew the A. 

od that muſt be uſed in Reſolving the two General, and indeed, | 
the moſt uſeful Due/tions about Annuities or Leaſes in Reverſn 
And if there be Occaſion, either the Kate, or the Time, viz, R or 
r, may be found by a due Application of their reſpective Theorems, 


| 5 4 . 9 
Note, That which hath been done in the two laſt Sections about Au- 
muities or Yearly Rents, &c. at 6 per Cent. may alſo be done fir ay . 
Kate of Intereſt, by applying the Difference of the Rates (viz, x) 4 4 
Virected in the Firſt Section of this Chapter. ts 13 
Now becauſe that Rents and Annuities, &c. are uſually paid ei- f 
ther by Quarterly or Half-Yearly Payments, and the Method of — 
computing, them by the Pen may be thought a little troubleſome; 16 
I have inſerted the following Tables of the Amounts of 11. ſor '7 
each, at 6 per Cent. PPE 3 F: 0 
3 * Annuities of | N Annuities of 2 | Annuities © 
5 1 J. at 6 per] IIS IJ. at 6 per | [] | 1/7. at 6 per 
JS | Cer. Com- 5 Cent. Com- Cent. Com- 
t © | pound Intereſt.{ 3 pound Intereſt. 8 pound Intereſt. “ . 
3 00 — ——ſ— —ę—-—:4 — — — 0 
102956301410 11 1,3777875592 | 2118437956 
21,00 12 1,4185191122 | 22 18982985785 
1 2 | 1,0613367949] 13] 1,4604548127 | 23 | 19544179833 
41,1236 | 14] 1,5036302g90 | 24 2, 0121964718 
15 1,1568 170026 15 1.548082 1017 25 2,0716830b44] 
1 6 1.191016 161, 5938480745 26 1, 1329282001 Now 
| + | 1,2262250228] 17| 1,6409670276| 27 | 2,19598404*; BP May 
8 | 1,26247606 | 18] 1,6894789589 | 28 | 2, 260903055) laid, 
g | 1,2997995842] 19] 1,7394250493,| 29 | 2-32774309' "en / 
10 „3382255776 20 1, 7908476965 | 30 2,3965 531001 / 


(Jar | 


Cup. 12. Of Compound Intereſt, c. 273 . i 
>... ox . Qyancoy, Amounts,” Mk | ; 
— 8 | ki. | | : 
ts of 1I. ©. Amounts of 11.| » ©; Amounts of 1/. ll 

< Ce (Re, of jat 6 per Cent. TE at 6 per Cent: ? il 
2 odd - 8 &c. Compound] 5 & &c. Compound 1 
Ke. Compoune n 8 N Kt * 
[| 7 Intereſt. {l = Intereſt. [] of oma y b ; 
| 36 nnen n 9 
n ee TT Ty Io 9 
50146738451 211,357 80249380 41 1,8171263 199 5 | i 
1,0295630141| 2211,3777875592] 42 1, 84379055233 bl 
1,0446706634| 23 |1,3980050019] 43|1,8708460509 | | 1 
. 24 1,4185 191122] 441,8 982985583 if 
1,755 542769 n 2 1,9261 538989 9 
— — — | | — — (— — — | 7 1 
1,0913307949| 26 1,4604548127 461,9544179853 1 
1,1% 35090 2] 27 1, 481885 3020 471, 9830968140 lll. 
1,1235 | 28|1,5036302590| 48|2,0121904718 | 


K 


— 


1,1400875 351 29 1,5 2566942978 49 2,04172314330. : 
11865178838 | 1,5480821017 50 2, 716830644 1 


6 
1. '0 
*+ 
#1 


$4 
T3 
1 31 
1 
12 
1 
rig 
: 
10 
1 
8:3 
1 
fl 3 N 74 
en l 
* 11 


4 3 
— — — — 1 — ——— — 


„1737910674 31/1, 570984203 512. 1020826229 
15191016 321, 5938480745 32/2, 1329282601 
1,20849278566 33|1,0172359557] 33ʃ2.1642265211 
12262260228 34 2499079376 _ 54|2,1959840483 | 
1,2442194748| 35 | 1,0650403253] 55 2,2282075801 | 
1, 262476966 | 36 1,689478958 | 562, 2609039557 | | 
1,28$10023527 | 37|1,714270113 572, 2940801123 
1,2997995842| 3817394250493] 582, 3277430912 
„31887264333 39 1,7649049 1048] 592, 3619000349 
„3382255775 451,7908476965 602, 3965581931 


1 — — 
SBI, 


82 23 oo [=== 2 2 | S > co 1 223 5 


Lither of theſe Tables may alſo be made uſeful for any propoſed 
Wit of Intereſt ; by making the 4 or + of the Difference of the 
ny SR» ps 
as tor Inſtance, Suppoſe any of the aforeſaid Queſtions about 
utics or Kents, &c. were to be computed at 8 per Cent. per 
77 N, 8 
Then 1,08 1,06 ==0,02==x for Yearly Payments; as before. 
Meuently 2) 0592 (o, Ir for Half Year's Payments. 
Or 4) 0,02 (0,005==x for Duarterly Payments, 
Now theſe Values of æ, although they are not really true, yet 
may ſerve indifferently well for ſmall Rents ; as I have alrea- 
ad, Page 265. But if you would work exactly; 37 
n / 1, 8 , 0392304845 &e. 5 
„1,96 = 1, 295080141 Vide Table, Page 272. 


Ditenez = , 924704 = x for 1 Yearly Payments. 
Nd 


And 


than 6. 


yet it was rather propos d to ſhew what may poſſibly be perform d 


— 8 : RY —_— 
2 =— * 2 „„ HA r > 8 N 6 , 0 — : [ . 2. ** „ W Wow or + wet a ba 1 5 
2 7 4 2 yo * — 
> OS i , * 1 i 
* ; * "I. * 1 . £ Ps £ N : 
— — N 1 4a 4 : . 
— 5% * 


And J: J 1,08 = 1,0194203092 . 
'— 4: V 1,06 = 1,01467 38461 See the Loft Tab, 


| Their Difference 0,0047524631==x, for Quarterly Payy,,,, 
Theſe are the true Values of x, which being mmwtJ with 1. 
reſpective Amounts. (as before for Years, K. according a; KN 
Dueſtion requires, the Reſult will be the Anfiuer at 8 per Cent. t. 
The like may be done for any other Kate, either Greater or Li 


Now, altho the Method uſed here (and in Page 25) and 
for 6 per Cent. are made effectual for all Rates of Compound Intr,j) 


by the Pen, without a great many Tables of ſeveral Rates, than in- 
tended for common Practice, "(wr | 
For it muſt needs be confeſs'd, that Tub les, calculated on Purpoſe 
for any deſigned Rate of Intereſt, are much more ready and uſt 
in common Practice. And therefore ſince the Legiſlative Powe 
hath thought fit to reduce the Kate of Intereſt, and hath ſettled i 
by an Act of Parliament, at 5 per Cent, I've therefore been at 
the Trouble (which was not à little) to calculate the following 


1 7 


Tazles for that Rate; but don't think it convenient to take the 7, 4 
Bes at 6 per Cent. out of the Book, becauſe the Examples are : 7 
ſuited to them; and not only ſo, but they may be found uſeful i I: 
the taking of Leaſes for Houſes, &c. For in thoſe Caſes, the P — 
chaſer is allowed more Intereſt for his purchaſe Money, than til __ 
common Rate paid upon the Loan of Money. 8 9 7 7 f 

& 2 7 

2 p 

— | a 
E 

4 

H EF 

g 

8 

| to 


Cup. 12: . of Compound Jntereft, &c. 27; 
Here Tue follow New Tables of the Amonnrs of one Pound at the 


f Cent. per Annum Compound e For Years 
2 7 2 ne, Monts, and Days. — 8 > 


— 1 "The 1 Table of the Fur 2 of 1 7 1 


4] The Albounts 


| The Amounts | & 3 


The Amounts 


- 2 


| * ee 


=> 
SAO 


of 11. & c. 


r — 


—— 


1,05 — R 
1,102 


1,21550625 
1,276281 56 


1, 34009564 


155132822 


„62889463 
171033936 
211,79585033 
. — | 


1,407 10042 
1,4774 pet: 


= RR 
1,157 25 R 


ä — s — ne ens 


| of 27, & . 


— — 
Y 1 


1,97993 160 
2, 789281 8 


52, 18287459 
72, 29201832 


2, 40661923 
2,5 2699019 
2,65 329770 


| IR mw — — — 


278596259 
2.925260) 2 
3,07152375 


24 | 3+22509994 
| 339635494 


613, 255507209 


| | 33 33 |5,003 18854. 


— — 


| 36 $97918161g 


of 1/1,” &c, 


. 7 beg 

3.9201 2914 
711613599 
132194239 


4.53803949 | 
470494147 | 


34 525334797 | 
35 5,5 1601530 | 


37 6,08140694 
38 6,39547729 


Wed a 


The 
17, &c. 
1,05 
151025 


—— — — 


1,57025, 


1,12972632 


| 


N of 


1,2469507 
157592983 


' 18621264 | 
1221550625 


„524582327 
10 1,27628 156 


Ki The Tal of the Hal If Taary 1 of 17 "Kee, 


2. | Amounts of 


The 
1/1, &c, 


1,30779943 
1, 34009564 


1,37318940| | ñ 3 


1,1407 10042 


1 1544184887 


| 147745544 
1551394132 854 
| 1561328220 
17828848 
— | 


1,62 
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11 1 
171033936 
5257632 
[179585033 
251, 840205 13 
12 564914 

| 155 993 150 
9 2,2882616 
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. Te — 1 3 ; ad 
III. The Table of the Quarterly Amounts of Ll. Ke. 
EE 
= 2 Amounts of 5 | Amounts of | = 8 Amounts 1 
we 11 . 0] 14 66 3 1]. & : 
11]1,01227223] | 2111,29194439]| | 41 750788605 8 
21, 02469507 | 22|1,30779943 42 1,6091203. 
3 [1,03727037| 23|1,32384905| | 43 1,08960g1, | 
4 | 1,05. - 24 |1,34909504 44 11033530 
2 1706288885 25 1,35654161 45 1473132904 | 
©  6[1,07592983 2611,37318949] | 4511,752576;: Wii |© 
#7 [1,08913389 271,39004151] | 4711,7740843; | 
187,025 281, 40% 10042 | 48|1,79585633 
| 9|1,11603014 2911,42436809| | 49|1,81789549 
 1011,12972632 30 1,4418488 7 501, 84020513 
— — cc — 1 — 11 — | — e—_ * 
11 |1,14359059 3111,459543538| | 51]1,862788;6 
12 |1,157625 | 3211,47743544] | 52 e c 
13 [1,17183164 33 [149558712 | $53] 190879027 
- 14 1,8621264 34|1,51394132| | 54|1,93221539 | 
15 |1,20077012 | _35|1453252976] -| 5511,9559759 Wl | 
16 1,2155062 | 36|1,55132822] | $56]1,9799316o if 
1, 230423233 37157036648 | g712,00422978 | 
1 1,2452327 | 38]1,38963838] 35 2,0288266 1 
19 1, 26080862 391, 509 14680 592, 5372439 
20 — 01 289463 | K 60 2,07892818 2 
. | —— 
IV. The Table of the Monthly Amounts of 117 &c. : 
ve te | [iz] he | [n= me | 
1 FX 5 Amounts of 12 8 Amounts of ö 2 5 | Amounts of 3 
F 11. &Cc. Fi c. T| 11. &, 2 
''* 1 |1,00407412] | 5[1,02053728] | 9 1,037 27037 l 
21, 008164888 | G6|1,02469507 | 10|1,04149634 : 
3 101227223 | 7 1,02886981 | 11 1,0457 3953 : 
| 4 |1,01639030] | En, | 12]1,05 — 
— 3 
NOTE: The | Amount of one Pan, POR one Day, 3 
1, 0001 339897225, &c. (found as that in Page 260) but in t 3 
following Table, I take only Nine of thoſe Figures, as bein J 
| ſufficient in Practice, for Air, the * of any Sum ne 4; 


* 
11 
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V. The Table of the Daily Amounts of 1 J. 1 


* —- 


is... A —— 


—— 


Days 


o The | | | The pf Te 
>» | Amounts of >= | Amounts of, 2 Amounts of 
| 1 J. &c. J. &c. F "n 1 J. Ec. 
115 1,000 13368 36 1,00452376| 711, 00953587 
211 1,00026738 37 | 1,00495810 72 1,00967082 | 
3j 1,00040109 38 1,0509245 73 1, 09805 
40.7, 00053483 39 1, 00522681 Fe. 1,00994079 | 
I 1,00066858 1 1.00536119 | 9 1,0100579 
61 1,00080235 | 41 1,00549358 "76 1,0102 1083 
7] 1,00093614| | 42|1,00563000] | 977 1,01034587 
$|1,00106994| 43 1, 00576443 | 98 1,0104809% 
9|1,00120377 | | 44 | 1,00589888 99 1,01061602 
10|1,00133761 45 1,00003335 | 80 1,01073112 | 
1111500147147 46 100616784 $1 1, 01088623 
12|1,00160535 47 1, 0630234 82 1,0102137 
13]1,00173924] 48 1, 0643687 83 1,0115632 
141, 0187315 49 1, 00657141 84 1,0129169 
15 1, 0200708 50 1,0670597 8 1 1,01142688 
16|1,00214103 51 1,00684055 86 1 1,01 155209 
171, 02275500 52 1, 06975 14 87 1,01169732 | 
18] 1,00240899 53 1,007 10975 88 1,011832536 
1001, 0254299 {| $4 1,c0724438 89 1,01199783 } 
20 1, 0267 | 55, 1,007 37903 | YO 1,01210311 
211,028 1155 56 1,00751370 91 1,1223841 
22 1,0294510 $7 |1 1,00764839. 92 1,01237372 
23 1, 0307918 58 1,0078309 93 1,1250906 
24 1,0321327 59 1, 00791781 94 1,0126444! 
25 1, 00334738 601 — 95 1,01277978 
26 1, 0348151 61 | 1,0081873 96 1,01291517 
27 1,0301555 62:1,00832208] | 9 1,0130;053$ 
28 1,00374982 631, 0845687 {| 98 1, 01318600 
20 1, 0388400 641, 08591688 99 1, 01332145 
30 1, o 401820 | 65 1, 00872651 100 1,01345691 
1 1 661 00886136 101 101359239 
32 1, 0428665 67 1, 0899623 102 1,1372783 
33. 1, 0442091 681, 00913111 103 1, 01386340 
34 1, 0455518 69 | 1,00926601 104 1, 01399893 
35 $,00408947 701, 0940093 bog”. TOUTE. | 
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1 
by 
C 
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f \ 
14 
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'F 
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» 
+} 
3 
1 
LI 
1 
„„ 
1 
1 
1 
14 
1 
8 
8} 
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1 
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1 
| 
1 
Wi 

19 
1 
2 
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© 0.8 
N a 
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— en FR re 


dE. Eh 


- 
OE TD on eres orb Ferre += 
ED. 477 . —— — — 


eo 


__— — ” 
CPA Ws = 


F OS x . 
| | >| 1 >F|.; Ihe. |. 4 The 
| © | Amounts of  ® [Amounts of | | 2 Amounts of 
| AM 14. — = 11. c. 1 | S: : 4 11. &r, 
| 106 1,01427005 146 |1,01970775 186 1,025 17450 
| | 107j1,01449564 147 1,0198440 187 |1,0253116, 
| | 108 | 1,01454125| 148 |1,01998039 188 | 1,02544870 | 
| j 109 | 1,01467687 149 1,2011675 189 1,0255858 
[ 1 01481252 n 190 1,0257 2286 
| + | 2314 3-014945918| 151 f, 2038950 191 1, 02586000 
j 0 112 1,01 508386 152 1,2052591 | 192 1,0299714 
i 4 113 101521955 153 1502066234 l 193 1, 2013430 
N | 114 1,01535527 154 ;1,02079878 1941, 262714) 
1 spe 155 1,020935244 | 195 1,02640866 | 
| | 216] 1,01562675 156 1,0 10772 196, 02654580 
117 1,01576252 1 157 1,02120822 | 197 1,02668219 
| | | 118 1,01589831 | 158 | 1,02134473 | 198 | 3,0268201; 
I | 119, 101604412 n 199 1, 269576 
| 4 120 1,01616994. 160 1021 1782 200 | 1,02709490 | 
| 1 121 | 1,01630578 161 | 1,02175439 | 201 1,02723221 | 
} } 122 1,01644164 162 1, 02189098 2021, 273095; 
| 1231 101057752) | 163 1,02202758] | 203 [1,02750686 
124 1,01671349| | 164 1,02216421] | 204 |1,0276442: 
| 125 1,01084933 | 165 | 1,02230085 | 205 1,2778100 
1261, 016985 27 ö 166 170224751 2061, 2791899 
| 127; 1,01712122 | 167 | 1,02257419] + 207 1, o2805640 
| 128; 1,01725719;| 168 [1,02271089 | 208 |1,02319384 
| 129 |1,01739317| 169 [1,02284761 | 209 |1,02833129 
130! 1,01752918 1701, 02298434 210 1, 2846875 
I 131 1,01766521 171 |1,02312109] 211 1,2860624 
j | 232 [1,01980125 172|1,02325987| 2121, 02874375 
i 133 |1,01793731 | 1731, oz3 39466 | 213 |1,02888127 
Ih 134 1,01807338 ' 174 |1,02353147 2141, 0290188 
iſt | 135 1,01820948 175 — 215 1, 2915637 
136 1,01834559 | 176|1,02380514| | 216|1,0292935; 
| 137|1,01848173| 177 | 1,02394200 | 217 |1,02943154 
| 138|1,01861788 1781, 02407888 | 218 1,0295691 
| 139 1,01875405 179 1,02421578 | 219 1,0297067 
1401, 1889024 1801, 02435 270 22⁰ 1,2984445 
ö 141 1,01902644 181 | 1,02448964. 221 | 1,02995212 
142|1,01916267 182|1,02462659 222 1, 3011980 
143. 1,01929891 | 183|1,02470350 223 (1,03025751 
144 | 1,01943517| 11841, 249005 5 J 224 | 1,03039524 
| 145 |1,01957145 | 185 1,02503750 : 225 1,03053298 
N * e os | Day 
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i Of Compound Intereſt, Nc. 279 
r N 
1 3 of Amounts of | © | Amounts of | 
J. &c. III. &c. ; | 91 1 . &c, [ 
7:6|1,03067074] | 266] 1,03619636] | J06|r,oqrmr ies] 
oe 95 9 — 267] 1,03633488| 307 1204189086 | 
2281, 3094632 2681, 3647342 308 1504203015 
229 1,03 108414 | 269 1,0366119 | 309 4,42 16944 
2301, 3122197 270] 1,03675055 3101, 4230876 
— — — 3 — 
231|1,03135983] | 27111,03688914] 377 1,042448 
232 | 1,03149770 272] 1,03702775 3121, 4258246 
233 1,03 1635 59 273/,037166380 313,04272683 
34 077% 274 1,03730503| | 314 |1,04286622 | 
95 [1,93191143] | 275] 1:93744370] | 315|1,04300563 | 
236 |1,03204938| | 276, 1,03758239| | 316|1,04319506{. 
237 1,03218734 | 277;1,03772109 3171, 04328452 
238 5503232533 | 278, 1,3789982 | 318 1,4342397 
239 1,03246333 | 279 1, 03799856 319]1,043563464.. 
240 1,03260135 | ö eee —3813732 | N 2 | 104370297 j 
241 |1,03273939 | 2811,03 827509 321 4380240 5 
242 | 1,03287 744 282 1,03841489 322 1,0439820 
3 „03301552 283 1,03855371] 323 1,0441219 
4 503315361 [284 1,03869254] 324 1,4426117 
5 203329173 . 22 325 1,04440077 | 
246|1,03342986 286 1,03897027 326 |1,0445 4038 
247 | 1,03356801 287 1,03910916 327 |1,0446800e | 
48 1,0337061 | 238 1,03924817 328 1,4481967 
249 1,3384436 | 289 1,03938699 | 329 [1,04495934- 
250 [1203399157] | 299 1:93952594| | 339 409% 
z51[1,03412079] | 291 1,03966491 331 [1,04523874| 
252|1,034,25903 292 1,03980389 332 þ1,04537847]. 
253 | 1,03439729 | 293 1,03994289 333 [1,04551822 } 
254 |1,03453557 294 1,04008191 3341104565798}. 
eee [295 eee, 1.335 [n,04579777 þ 
25911,03481218 296 1,04036001 3361, 04593757 5 
257 1,3495092 297 1,04049908 | 337 [404607739 
2581, 3 508887 298 1, 40038 18 338 1, 462 17233 
239 503522724 299 104077729] | 339[1,0463570g | 
200 | 1,035 36563 300 1,0409164.2 349 | 1,04649697 
[261 1,03550404. 301 1,04105557 341 1, 04663685 
702 5503564247) [302 1, 04119474 342 1,04677678, 
263 1,03 578091 303 1, 04133393 343 1,0469 1671 
204 1503591938 304 1, 04147314 3441, 04705667 
25 [1,03605786! 254 1,04161236] 347164719664 


7 2 N 
w >. . . 0 : — 
4 1 * n W — — > = - \ 
_ r . — = ——— 
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. 1 * 1 OR = , — 4 Fo TOID 8 + 
280 — Ilgevra: Duet II. 
| * ee * Re * — 
| >= Amounts of 5 Amounts of | TY Nan 5 
| 1 11. Kc. ne n be. 
346 1,04733663| 353 1,0483 1708 3601, 04920840 
347 1047476064! | 354 504845722 361 504943802 

348 104761666 355 1504859738] | 362! 1,0495700 
340 1,4775671 356 1304873750 363 1504971942 
; 350| 1,04789677 357 104887775. 364 1,0498596c 
38 ,o 803686 358 1504901797 365 1,0499000 
2 1,04917696" 442.1201242 "366 %%% || 


I think it needleſs to ſay any Thing of the Uſe of theſe 7%. 


becauſe I take it for granted, that whoever underſtands the Work 


of the foregoing Examples, at 6 per-Cent, cannot but know how * 
make uſe of theſe Tables at 5 per Cent. as Occafion requires, 


Thus far concerning Annuities, or Leaſes, &c. that are limit] 
by any affigned Time; and *tis only ſuch that can be computed by 
Thearems or certain Rules. However it may not perhaps be unge- 
ceftable, to inſert a brief Account of fome E/t:mates that have been 
reaſonably made, by two very ingenious Perſons, about the Propor- 
tion or Difference of Mons This according to their ſeyeral Ages 


which way be of Food Uſe in computing the Values of Annuities, 


or taking of Leaſes for Lives, &c. 


Sir William Petty in his Diſcourſe made before the Reyal Stciet 
Anno 7250 concerning the Uſe of Duplicate Proportion, in tie 


Life of Man and its Duration; faith, that it's found by Experience 
there are more Pe: ſons living of between 16 and 26 Years Old, than 
of any other Age or Decade of Years in the whole Life of Man 
(iz. 70 or 80 Years.) His Reaſon for that Aſſertion I ſhall omit ; but 


— fuppoling it true, he thence infers, that the Roots of every Nun- 


ber of Mens Ages under 16 (whoſe Root is 4) compared with the 


fd Number 4, doth ſhew the Proportion of the Likelihood of ſuch 
Mens reaching the Age of 70 Years. 5 | 
As for Example, tis 4 Times more likely, that One of 16 Years 


Old ſhould live to 70, than a New-Born Bale "Tis 3 Times more 


likely, that One of 9 Lars Old ſhould attain the Age of 70, than | 


the ſaid infant, &c. | | 
On the other Hand, *tis 5 to 4, that one of 25 Years Old will die 


before One of 16: And 6 to 5, that one of 36 will die before 


One of 25, And fo on according to the Roots of any other de- 
clining Age, compared with (4, 6) the Root of 21, which is the 
Year of Perfection according to the Senſe of our Law, and the Age 


for whoſe Lite a Leaſe is moſt valuable, 
| hs i» Tu 


FO” N 


Gap. 12. Gr Compound Jntereft. 257 


2. The ingemous and great Mathematician, Doctor Edmund 


1b le Prob, Tranſit. Nea. 196) doth, with great fs 


2 and & ill, draw an Efitmate of the Proportion of Mens 
lives, from the Monthiy Tables of the Births and Funerals. in 
Breſlew, the Capital City of the Province of Silefia ; or, as the 
Germans call it, Schlefia; W hence he proves that it's 80 to 1 a 
Perſon of 25 Years Old will not die in a Year : That it's 55 to 1, 
int a Man of 40 will live 7 Lars: That a Man of 30 Years Old 
may reaſonably expect to live 27 or 28 Years, &c. ws ; 
Now from theſe and the like Proportions (he juſtly infers) that 
the Price of Inſurance upon Lives ought to be regulated, there be- 
ing a great Difference between the Life of a Man of 20, and one 
of 50, For Example : "Tis 100 to 1, that a Man of 20 dies not 


ina Year, and but 38 to 1, for a Man of 50 Years of Age. And up- 
on theſe alſo depends the Valuation of Annuities for Lives; for it is 


pin, that the Purchaſer ought to pay only ſuch a Part of the Va- 
le of any Annuity, as he hath Chances that he is living. i 

And for that Purpoſe he hath taken the Pains (which was not a 
ll to compute the following Table (that ſhews the Value of 
{muitizs) for every Fifth Year of Age to the 70th, 


hee Year's Purchaſe. Age Tears | Purchaſe. ar Purch., 
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5 
10 


15 


10,28 


13,40 
13,44 
13333 


| 25 


20 


$01 


40 


12,27 
11,72 


II,12 


10,57 


8,51 


6,54 


9521 : 


7,00. 


The ſame ingenious Gentleman proceeds on, and ſhews how to 
finate or find the Value of Two Lives, land then of Three Lives, 
nich being too long a Diſcourſe to be recited here, I have, for 


ation, | . 
V. How unjuſtly we repine at the Shortneſs of our Liver, 
and think ourſelves wrong'd if we attain not to Old Age; where- 


K it appears, that the One Half of thoſe, that are Box N, die in 
Kenteen Years Time. For by the aforeſaid Bills of Mortality at 


refaw, it was found, that 1238 were in that Time reduced to 
ub. $ that, inſtead of murmuring at what we call a Short 
fe, we ought to account it as a great Bleſſing that we have ſur- 
"a, perhaps by many Years, that Period of Life whereat the 
ne Half of the whole Race of Mankind does not arrive. 


O © Sect. 4. 


9 12,78 | 45 9791 Be. | $432 | 


revity's Sake, omitted it; and ſhall only add this ſerious Obſer- 


— — — 


—— 


285 | 5 | Agcbrd ms — | 
See. 4. Of Purchaſing Free⸗hold, or Real & "a 
5 at Compound Intereſt. ſateg : 


All Free-hold or Real Eflates, are. ſuppoſed to be purchaſeg or 
bought to continue for ever (viz, without any limited Time) there. 
fore the Buſineſs of computing the true Value of ſuch Eſtates ig 
grounded upon a Rank or Series of Geometrical Proportionals conti. 
nually decreaſing, ad Infinitum. | 

Thus, Jet P, u, K, denote the ſame Data as in the 

uU uU 


laſt Sefton. Then the Series will be, ＋ Kr N F. > 
and ſo on in & until the laſt Term o. Then will P 
(viz. P) be the Sum of all the Antecedents, And Ps 
will be the Sum of all the Conſequents ; therefore it wil 
be x: 0 2:2: P—_ * which produces PR — uy =P, 
This Æquation affords the following Theorems, 


Theorem 1. PR Pg u. Theorem 2. 1 1 - = 


„ 
13 83 


8 


P 


Example. Suppoſe a Free- hold Eftate of 75 l. Yearly Rent u 
to be ſold; what is it worth, allowing the Buyer 6 per Cent, & 
Compound Intereſt for his Money? Wo 
In this Quęſtion there is given u=75 . R== 1,06 to find | 
Per Theorem 2. Thus 'R— Ig 0,06) 75 =u ( 12501. =Þ 

the Anſwer required, And ſo on for any of the reſt, as Occaſi 
requires. But if the Rent is to be paid, either by Quarter), 
Half Yearly Payments 
Then R=y 1,06 for Half Yarh 
And XR = V: J 1,06 for Quarterly 
(N 1,08" er 
0.5 R=, 8 for Half Yearly © Payments at 8 per C 
C(CR ry: 1, o8 for Puarterly e 
The like is to be underſtood for any other propoſed Rate of! 
tzre/?, either greater or leſs than 6 per Cent, 
The Application of theſe Theorems to Practiee is fo very el 
that it's necdleſs to inſert more Examples, 4 


5 Payments at 6 fer Ct 
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INTRODUCTION 


PART III. 

„ 
of Geometrical Definitions, &c. 

See. 1. Of Lines and Angles, 


' Porn hath no Parts: That is, a Geometrical Point is 
not any Quantity, but only an - aſſignable Place in any 


As at A. and B. 


buch a Place may be concerved fo infinitely ſmall, as to be woid of 
Logth, Breadth, and Thickneſs ; and therefore a Point may be ſaid to 


have no Parts. 


2. A LINE is called a Quantity of one Dimenſion, becauſe it 


nd ray have any ſuppoſed Length, but no Breadth nor Thickneſs, 
1 benng made or repreſented to the He, by the Motion of a 
1 2 4 ts 


rh, That is, if the Point at A, be moved (upon the ſame Plane) to the 
Pint at B, it will deſcribe a Line either right or circular (viz, 


Coli") according to-its Motion. 
Therefore the Ends or Limits of a Line are Points. 


3. ARtcuT LINE, is that Line which lieth even or freight 


wirt thoſe Points that Iimit its Length, being the ſhorteſt Line 


hat can be drawn between any Tiwo 


of. As the Line A B. c —— 


ol poſes between any tuo Points, there can lie or be drawn but one 


A ; 00 2 4. A 


Quantity, denoted by a Point. 4 'F 
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: "Elements of Geom etry. "Par 


4. D CineulAn crooked or OBLIQUE Line 3 
lies bending Pen thoſe Points * 8 is that which 


which limit its Length, as the Lines 
GD or FG, &c, | 
Of theſe K inds of Lines there are 


various Sorts ; but thoſe of the Circle, „ 

Parabola, E 7 is, and, Hyperhola F G 
are of of general Uſe in n ; of ubich a particular Army 
Fur be groen further « on, 


5. PARALLEL Lin 28, are thoſe that 
lie equally diſtant from one another in all 
their Parts, viz. ſuch Lines as being in- 
finitely extended (upon the ſame Plane) 
vill never meet: As the Lines A B and 
ab: or CD and cd. | 


d 


6. Livgs not PARALLEL, but INCLINING (viz, leaning) ore 
towards another, whether they are 
Right Lines, or Circular Lines, will 
(if they are extended) meet, and 
make an Angle; the Point where 
they meet 1s called the Angular Point, 
as at 4, And according as ſuch 


Lines ſtand, nearer or further off 

each other, the Angle is ſaid to be 

leſſer or greater, whether the Lines 

that include the Angle be long or ſhort. 

That is, the Lines Ad, and Af in- 

clude the ſame Angle as A B, and 4 C doth; notwithſlandi 
that AB is longer than A d, &, 9 88 


9 All AnGLEs included between Ri ght Lines are called Right 
ld Angles; and thoſe included * Circular Lines are call 


Spherical Angles. But all Angles, whether Right-lm'd or my 
fall under one of theſe Three Denominations. 


| A Right Angle. 
Viz. 3 An Obtuſe Angle. 
An Acute Angie. 


8. A W ANGLE 1s that which is included betwixt 7 
fan that meet one another P erpendicularh, | | 
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That is, when a Right Line, 

g DC, meets with another 

Right-Line, as A B, ſo directly 

1; that it neither inclines nor de- 

[lines to one Side more than the 

other, but makes the Angles on 

both Sides of it equal, as at x, x; 

den are thoſe Angles called A 

Right Angles 3 and the Lines fo 

meting are ſaid to be Perpendicular to each other. : 

That is, A C, and C B, are Perpendicular to D C, as well as 

, C is to either or both of them. | Kee | | 


9. An Ozrusk ANGLE is that which is greater than a Right 
Ile. Such is the Angle inclu- 2-36 -. 
dd between the Lines A C and 

* e 


10. An AcurE ANGLE is tht 7 . 
which is 4% than a Right Angle on 
As the Angle included between the Lines CB and CD 


Theſe Two Angles are generally called OeLitque Angles. 


SeF, 2. Of a Circle, &c. 


Before a Circle and its Parts are defined, it will be convenient ts 
gre a brief Account of Super ficies in general. 


I. ASUPERFICIES or SURFACE is the Upper, or very Out-fide 
of any v/ible Thing. But by Superficies in GEOMETRY, is meant 
only ſo much of the Out. ſide of any Thing as is incloſed within 

2 Line or Lines, according to the Form or Figure of the Thing 
ned; and it is produced or formed by the Motion of a Line, 
84 Line is deſcribed by the Motion of a Point; thus: EG 
buppoſe the Line A B were equally es | 
med (upon the ſame Plane) to Aw = 
CD; then will the Points at Aand FE== 

B deſeribe the Two Lines A C and CS= 
BD; and by ſo doing they will! | 
jorm (and inclgſe) the SUPERFICIES or Figure A BCD, being 
8 Quantity of Two Dimenſions, viz. it hath Length and Breadth, 


put Wm Thickneſs, Conſequently the Bounds or Limits of a Superficies 
re Lines, FV | 25 by, 


Note, 
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Note, The Super ficies of any Figure, is uſually called its Azz 

2. A CIRCLE is a plain regular Figure, whoſe Area is bund“ 
or limited by one continued Line, called the Cixcunperxcy 


or PERIPHERY of the Circle, which may be thus deſcribed or 
drawn, | 


Suppoſe a Right Line, as C B, to have one of its Er- (i 
fream- Paints, as C, ſo fix d upon any I 
Plane, as that the other Point at B may 9 
mode about it; then if the Point at B jy 
be moved round about ( upon the fame 
Plane) it will deſcrite a Line equally di- 
rant in all its Parts from the Point C, of 
which will be the Circumference or Peri- tl 
phery of that Circle; the Pont C, will be | | # 
its CENTER, and the contained Space will be its Area, and th, 0 
Right Line C B, by which the Circle is thus deſcribed, is call 0 , 
Rapivs. $4 | ® 
20 ConſeQary. | F 
From hence tis evident, that an infinite Number of Right Ling % 
may be drawn from the Center of any Circle to touch its Periphery, WM v1: 
which will be all equal to one another, becauſe they are all Radius. Ane 

And with a little Confideration it will be eaſy to conceive, that u tic 
more than two equal Right Lines can be drawn from any Point within Nu 
4 Circle to touch its Periphery, but from the Center only. ( 9.6, , 
N n Ev Al CIRCLES are thoſe which have equal Radius's ; for . 42! 

_ It's plain by the laſt Definition, that one and the ſame Radius 
(as CB) muſt needs deſcribe equal Circles, how many ſoever they * 
* „ 1 U 
Chor, 


4. The Diameter of a Circle, is 5 


twice its Radius joined into one Right " og! 
Line; as A B drawn through the ; 17 
Center C, and ending at the Periphe- 1 8 


ty on each Side. | 


© That is, the Diameter divides the ere 
Circle into Two equal Parts. . 
W "i 


5. A Semicirde ( viz. Half a Cirde ) is a Figare included il . 
tween the Diameter, and Half the Periphery cut off by 
6. WM": 


Diameter ; $ ADB. 


Cup. 4 - - Of Definitions, Kc. 


_— 


6, A QUADRANT is Half a Semicircle, viz. one Quarter of a 
Cirde; and 'tis made by the Nadius <8 
( DC) flanding Perpendicular up- 
on the Diameter at the Center C, 
cutting the Periphery of the Semirircl 
in the Midule, as at D. Therefore BP 
Huadrant, or half the Semicircle, is the 


Naſare of a Right Angle, 


A CyorD LINE, or the Subtenſe 
of an Arch, is any Right Line that cuts 0 3 
the Circle into Two wnequal Parts, as the Line 8 G; and is 2E 
ways leſs than the Diameter, 5 1 W3 * 
8. ASEGMENT of a Circle, is a Figure included betwixt the 
Chird and that Arch of the Periphery which is cut off by the 
Chird : And it may either be greater or {5 than a Semicircle; as 
the Foure SDG, or S MG. 17 75 | 5 
9. A SECTOR is a Figure included between Tivo Radius's of the 
Circle, and that Arch of its Periphery og £ £þ 
where they touch, as the Figure ACB: 
And the Arch AB is the Meaſure of 
tu the Angle at C, included betwixt the 
Radiuss AC, and BC | 


Note, All Angles of Sectors are called 
dngles at the Center of a Circle, 


is 


10. An ANGLB in the Segment of a Circle is that which is in- 
duded between Two Chords that flow from one and the ſame Point 


n the Periphery, as at D, and meet with the Ends of another 
Chord Line, as at Fand G. | 


That is, the Angles at D, at F, and at G, are called 
051 at the Periphery, or Angles flanding on the Segment of a 
rele, 

Sect. 3. Of TRIANGLES, | net EE | 
There are two Kinds of Triangles, viz. Plain and Spherical; but T 
hall nt give any Definition of the Spherical, becauſe they more immedi= 

ah relate to Aſtronomy. „ 
1. APLAIN TRIANGLE is a Figure whoſe Area is contained 
Within the Limits of Three Right Lines called Sides, including Tree 
Aube And it may be divided, and takes its Name, either accord- 
ng to its Sides or Angles, © 1 3 
| 1. By 


—_— eb... the, * 
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1. By its SIDES. 


2. An EQUILATERAL TRIANGLE, is 
that which hath all its Three Sides z as 
the Figure ABC © 
That is, AB=BC=AC, 


J. An IxosceLEs TRIANGLE, i is that which 
hath enly Two of its Sides equal, as the' Figure 
B DG: That is, BD = DG; but the Third 
Side BG may be either 5 881 or Ie, as 
Opcalion requires. 


4. A ScaLENE Trance, OE K 
3s that- which hath all its Three 
Sites unequal; | 
fuch as the Pigure HKMc 2 
ä if — 


A By its Ac Es. 

. A RiGHT-ANGLED Triangle, is 
that which hath one © Right Angle ; 
that is, when Two of its Sides are 
Perpendicular to each other, as CA 
is ſuppoſed to be to B 4, Therefore BE 
the Angle at A, is a Right Angle, 
per Dein. 8. $8. 1. 

Note, The longeſt Side of every Right- * Triangle (as BC 
ic called the Fypotenuſe, and the longeſt of the other 7 Sides uli 
include the Right Angle ( as B A) is called the Baſe : The Third Su 
(as CA) is alles "he Cathetus or Perpendicular, _ 


6. An OBTUSE-ANGLED Triangle, is that which hath on 0 
its Angles Obtuſe, and it's cal jod an Amblygonium Triangle. duch 
is the Third Triangle H K M. 

An AcUTE-ANGLED Md; is that which hath 
its Angles Acute, and it's called an Oxygonium Triangle; ſuch 3 
the Firft and Second Triangles ABC, and B DG. 

Note, All Triangles Det have not a Right Angle, whether t 

are Acute, or O, are in general Firms, called Oblig e iy 
| = 7 
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i without any other Diftinftion, as before. And the longeft Side of 
„ Oblique Triangle is uſually called the Baſe ; the other two are on- 

þ called Sides or Legs. | : 
g. The Altitude or Height of any 

Plain Triangle, is the Length of a Right 

lar let fall perpendicular from any of its 

Ile upon the Side oppoſite to that 

oel from whence it falls; and may be 

ther within, or without the Triangle, 

v Occaſion requires, being denoted by : 

te Two prick'd Lines, in the annexed : 

Ting les. 


Sect. 4. Of Four-ſided F igures. 


1. A Square is a plain regular Figure, whoſe 3 
in is limited by Four equal Sides all perpen- 8 
ar one to another. „ | 
That is, when AB = BC =CD =D A, 
| the Angles A, B, C, D are all ual, 
it's uſually called a Geometrical 


fure, | 

1, A Rhombus, or Diamond. lite Fi- 
I is that which hath Four equal 

ds, but no Right-angle, That is, 
CG khnbus is a Square mov'd out of its 
pt Poſition, as the annexed Figure, © MO | 

3 A Rectangle, or a Right-anglad Parallelozram (often called 
Olang, or Jong Square) is a B 3 EC 
gre that hath four Right-angles L . | 


u Its too oppoſite Sides equal 
CHD and BH CD. | 
+ A Khomboides, is an Oblique-angled: Parallelgram ; that is, 


b a Parallelogram moved out of ” TT ENT 
bt Poſition, like the annexed Fi» N, 1 8 


5. The Aititude or Height of any Obligue- angle Parallelogram 
either of the Rhombus * hani * 5 , os 
18 2 Right-line let fall parpendicular 
M any Angle upon the Side oppoſite to 
t Augle; and may either be within or 
but the Figure : As the pricł d- Lines 


18% 
644% „ 2980 


ue annexed Fig . 
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pofite Sides, nor oppoſite Angles equal; 


unequa]! Sides ſtanding at unequal Angles 


are infinite Varieties, but they may all 


6. Eve Four-fided Figure, diffe- 

rent from thoſe before mentioned, is 

called a Trapezium. 1 
That is, when it has neither op- 


as the Figure A B C D. 
4 A Right-line, drawn from any Angle in a Four-ſidrd Hgure to 
its oppoſite Angle, is called a Diagonal Line, and will divide the Ar. 
of the Figure into two Triangles, being denoted by the prichd Lin 
AC in the laſt Figure. | 


8. All Righ-lin Figures, that have more than fur htl a 
- call'd Pohgons, whether they be regular or irregular. * 
9. A Regular Polygon is that which hath all its S:des equal de 
ſtanding at equal Angles, and is named according to the Na 
of its Sides (or Angles), That is, if it have five equal Sides, i 
is called a Pentagon ; if fx equal Sides, it is calbd a hexagon; 1 N 
ſeven, tis a Yeptagon 3 if eight, tis an Odagon, &c. 5700 

: Note, All Regular Polygons may be inſcrib'd im a Circle; that i 


their Angular Points, how many foever they have, will all juſt tmd 
the Circles Periphery. 


10. An Irregular Polygon is that Figure which hath mam 


(like unto the annexed Figure, or other- 
wiſe); and of ſuch Kind of Pohgons there 


be reduced to regular Figures by drawing 
Diagonal Lines in them; as ſhall be ſhew'd 
ſarther on. | 


Theſe are the moſt general and uſeful Definitions that conce 
plain or ſuperficial Geometry. | 
As for thoſe which relate to Solids, J thought it convenient 
omit giving any Account of them in this Place, becauſe they wol 
rather puzzle and amuſe the Learner, than improve him, until 
has gain'd a competent Knowledge in the moſt uſeful Ther: 
concerning Superficies; for then thoſe Definitions may be mo 
eaſily underſtood, and will help them to form a clearer [ea of thi 
reſpective Solids, than *tis poſſible to conceive of them betore; 2 
therefore I have reſerv'd thoſe Definitions until we come to 
Fifth Part, e Fe, 4 


. 3 1 
RON —— L " x 
"—_ 
* 
4 
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. 5, Of ſuch Terms as are generally uſed in Geometry. 


Whatſoever is propoſed in Geometry will either be a Problem 
or a Theorems 5 - 
Both which Euclid includes in the general Term of Propoſition, 
A Problem is that which propoſes ſomething to be done, and 
lates more immediately to practical than ſpeculative Geometry; 
That is, it's generally of ſuch -a Nature, as to be perform'd by 
me known or Commonly=recery/d Rules, without any Regard had 
I their Inventions or Demonſtrations, 
A Theorem is when any Commonly-recervd Rule, or any New. 
Pripoſttion is required to be demonſtrated, that ſo it may from 
hence forward become a certain Rule, to be rely'd upon in Practice 
when Occaſion requires it. And therefore ſeveral Rules are often 
alld Theorems, by which Operations in Arithmetick, and Conclufjs 


min Geometry, are perform d. 

Note, By Demonſtratton is underſtocd the higheſt Degree of 
Proof that human Reaſon is capable of attaining to, by a Train of 
hruments deduced or drawn from ſuch plain Axioms, and other 
evident Truths, as cannot be denied by any one that conſiders 
A Corollary, or Conſeck arp, is ſome Conſequent Truth drawn or 
gin d from any Fg, a ” FT 

A Lemma is the Demor/tration of fome Premiſes laid down or 
propoſed as preparative to obviate and ſhorten the Proof of the De- 
m under Conſideration, Rs 
A Scholtum is a brief Commentary or Obſervation made upon 
me precedent Diſcourſe, | e ” 


N. B. I adviſe the young Geometer to be very perfect in the Defini- 
ons, viz, Not to reft ſatisfied with a bare Remembrance of them ; 
jt, that he endauour to gain a clear Idea or Underſtanding of the 
ug defined ; and for that Reaſon I have been fuller in every Defini- 
Jon than ig uſual, | | | ; 

And, that he may know from whence moſt of the following Problems 
t Theorems contain'd in the Two next Chapters are collected, I have 
Fulmg cited the Propoſition, and Book of Fuclid's Elements 
lere they may be found. 5 

4: fr Inftance; at Problem 1. there is (3. e. 1.) which ſhews that 
the Third Propoſition in Euclid's Firſt Book, The like muſt 
ndeyſtadd in the Theorems, | 


P p 2 hi B.A Fo 
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C HAP. II. 
The Firſt Rudimentfs, or Leading and Preparatory 


Problems, in Plain Geometry. 
JN eder 5 perform the following Problems, the young Cm.! 


ter ought to be provided with a thin flreight Ruler, mad; cit © 
of Braſs or Box-wood, and two Pair 4 very good Compaſſes, dir #/ 
one Pair call'd Three-pointed Compaſſes, being very uſeful ſot each 
drawing 4 Figures or Schemes, either with Black Lead oy ht; F; 
and one Pair of plain Compaſſes with very fine Points, ti ny * * 
ſure and ſet off Diflances ; alſo he ſhould have a very good d L 
Drawing-Pen : And then he may proceed to the Work with, n 
Caution; that he ought to make himſelf Maſter of one Probl: 1! 
before he undertakes the next: That is, he ought to underlan 
the Deſign, and, as far as he can, the Reaſon of every Problem. 
as well as how to do it; and then a little Practice will rmdvy 
them very eaſy, they being all grounded upon theſe fallnung q 
Poſtulates. IF I 
Poſtulates or Petitions. [ 
I. That a Right-line may be drawn from any one given B © 
to another, „ N thoſ 
2. That a Right-line may be produced, encreaſed, or mai Au. 
longer from either of its Ends. 5 at [ 
3. That upon any given Point (or Center) and with any giret D 
Diſiance (viz. with any Radius) a Circle may be deſcribed, ; - 
PROBLEM I. 
Two Right-lines being given, to find their Sum au 
Difference. (3. e. 1.) LY 
Let the given Lines be 1 2 PE, Hy 
Make the ſhor teſt Line, asC B, e 2 p * 
Radius, and with it dhcrile a 5. 
Circle: From its Center C ſet off . b 
the other Line A C, and join e 7 10 
40 A with a Right-line, Then deem. 7 | 
wil AB=AC+CB; and | . | 10 
AD—=AC—CB; as was re- qa 
quired. 55 
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PROBLEM II. 


T biſet, or divide a Right-line given (as AB) inta two 1 
. equal Parts (10. e. I.) | | 


From both Ends of the given Line (viz. A and B) with any 


wm YT greater than half its Length, D. 
he | deſeribe Two Arches that may croſs | L, 
ch other in 2200 Points, as at D and : 2 


F; then join thoſe Pomts D F with 73 | 
1 Right-lme, and it will 6b:/e& the Fes 29 — "Bo | 
Ine A B in the Middle at C; viz. f 
it will make 4 C CB; as was 1 2 5 
required. | W 0 


PROBLEM III. 


To Biſert a Rigin-lin d Angle given, into two equal Angles. 
| | (. 1.) N 


Upon the Angular Point, as at C, with any convenient Radius, 
lcrile an Arch as AB; and from eee 
thoſe Points A and B, deſcribe two 
equal Arches croſſing each other, as Ca 
at D; then join the Points C and 
D with a Right-line, and it will 
lh the Arch A B, and conſequent- 
lj the Angle; as was requir'd. 


PROBLEM IV. 


4 Point A, in a Right-line given A B, to make a Right-lin'd 
Angle equal to a Right-lin'd Angle given C. (23. e. 1.) 


ard 


Upon the given Angular Point C deſcribe 
n Arch, as F D, (making C D any 
Radius at pleaſure) and with the ſame 
kadius deſcribe the like Arch upon the - 
een Point A, as Fd; that is, make 
the Arch Fd equal to the Arch FD; 
Then Jan the Points A and f with a 
l line, and it will form the Angle 


Iequ id. 
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| To draw a Rigbi- line, as F D, parallel to a given Right-line AB 
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PROBLEM V. 


that ſhall paſs thro' any affien'd Point, as at * viz, at any Dj. 
Hance requir d. (31. 6. 1.) 


Take any convenient Point in the given Line, 
farther off "he better; ) make , , 5 T AY 9 | 45 
Cx Radius, and with it upon 1 — —5 their 
the Point C, deſcribe a Semi- £ . any | 
circle, . HM x N; then maa 1 —— 0 
the Arch H M equal to the 2:7; C.. N 


Arch x N; thro' the Points M and x draw the Right-line F, 
and it will be parallel to the Line A C, as was requir'd, 


PROBLEM VI. 


To let fall a Perpendicular, as C x, upon a given Right. line A}, 
* from any affign'd Point that is not in it, as from C. (12. e. I.) 


Upon the given Point C deſeribe ſuch an Arch of a Circk a 
will cok the given Line A B in tr 


Pants, as at "8 and /; Then biſect Cc 75 | 
the Diſlance between thoſe #ws | Pu; 
Points d f (per Probl. 2.) as at ũ 

Draw the Right-line C x, and it will * 4 f 5 Joi 
be the Perpendicular requir'd, Sas * wm 


PROBLEM VT. 


To erect or raiſe a Perpendicular upon the End of any gion 
Right-Line, as at B; or Upon any other Paint aff 87 d in tt, 


(II. e. 1.) 


Upon any Point (taten at an Adventure) out of the giveny 
Line, as at C, deſcribe ſuch a Circle 8 


as will paſs through the Point from 2 "ID Y 
. whence the Perpendicular mult be 5 ek 4 
raiſed, as at B, (viz. make C B Ra® ©; 8 0 
dius) : And from the Point where the e „ 3 at 
Circle cuts the given Lins, as at Il, "ul Þ 
draw the Circle's Diameter A C D; EP, | 9 55 Bb —_ 
then from the Point D draw the geen 
Right-line D B, and it will be the 88 as was re Thi. 
ru. is 


PRO 


PROBLEM VIII. 


ide iven Right-line, as A B, into any propoſed Number 
ta FER of equal Parts. (10. e. 6.) 


At FE extream Points (or Ends) of the given Line, as at 
nd B, make two equal An- 
gs (by Prob. 4.) continuing 
their Sides A D and B C to 
wy ſufficient Length; then up- 
an thoſe Sides, beginning at the + 
points A and B, ſet off the pro- 
pled Number of equal Parts 
(ſuppoſe em 5. If Kigbt.- lines 
e drawn (croſs the given Line) 
om one Point to the other, as 


Into the Number of equal Parts required, 


PROBLEM 1X. 
7 aſcribe a Circle that Hall paſs (or cut) thro any Three 


Points even, not hing in a Right-line, as at the Points 


eg 


— 


u thoſe Lines (per Problem 2.) the 
eint where the biſecting Lines meet, — 
at C, will be the Cen enter of the Circle . 
muircd, . 


: 4,08 The Work of this Problem being well 
pderſtood, *twill be eafy to perform the "#5 
w following, without any Scheme, vin. gym” 


I, To find the Center of any Grab given. (1, e. 3.) 


tken in the given Circles Periphery, as at d, B, D, the Center 
that Circle may be found as before. 


% If Segment of any C ircle be given, to compleat or dei 
the while Circle. 


1 $ Arch, and then procced as before, 
n PR O- 
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n the annexed Figure, thoſe Lines will divide the given Line 4 B 


Jun the Points A B and B D with Right lines; then biſect 


By the laſt Problem ' tis plain, that if three Points be any where 


This may be done by taking any three Points in the given 0 82. 
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PROBLEM XxX: : 


Den a Right-line given, as A B, to deſcribe an E 
Triangle. (i. e. 1.) — 


Make the given Line Radius, and 
with it, upon cach of its extream Points 
or Ends, as at Aand B, deſcribe an 
Arch, vis. AC and B 2 ; then join 
the Points ACand B C with Right- 
lines, and they will make the Triangle 
ak 


PROBLEM XI. 
Three Right-lines being given, to firm them into a Tring 


| carr any two of 9 taken. together, be langer he 4 
95 1. ä 


Let the given Lines be y.C—— ä 


Make either of the ſhorter 
Lines (as AC) Radius, and upon 
either End of the lange Line 
(as at 4) deſcribe an Arch; 
then make the other Line C B Radius, and upon i the other End 
of the longeſt Side (as at B) deſcribe another Arch, to croſs the 
Firſt Arch (as at C): Join the Points C A and C 'B with Right-1 
ines, and they will form the Triangle required. 


PROBLEM XII. 
pon a given Right-line, as A B, to form a Square. (46. e. I. 


Upon one End of the given Line, as at B, erect the Sala 
dicular B D, equal in Length with the 5 
given Line, viz. make B D = AB; B 
that being done, make the given Line 1 5 

Radius, and upon the Points A and D 5 
deſcribe equal Arches to croſs each other, | * 
as at C; then join the Points CA and 
C D with Right-lines, and they will A 
form the Square required, 2, 


, 
„ 
92 „„ 
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G. Se 


PROBLEM XIII. 


* > 


] Rioht-lines being given, to form. or make of them a 
. Right-angled Parallelogram. 8 2 


| | | . 8 2 —y = 

Let the given Lines be \ 8 0 | 

Upon one End of the /onge/t LEI” _ 
go at B, erect a Perpendi- 2 8 oy fy 

ular of the ſame Length with | | 
the artet Line BC; then from 4 | 5 A 
Be C drawa Line parallel, 9 5 ö 
a of the ſame Length, to 4 B; wiz. make DC — A B: Join 


D4 with a Right-line, and it will form the Oblong or Parallel- 
yum required, | 


As for Rhombus's and Rhomboides's, to wit, Oblique-angled Patal- 
kograms, they are made, or deſcrib'd, after the ſame Manner 
ith the two laſt Figures; only inſtead of erecting the Perpendi- 
ulzrs, you mult ſet off their given Angles, and then proceed to 
raw their Sides parallel; Sc. as before. - 


PROBLEM XIV. 


ham given Circle, to inſcribe or make a Triangle, whoſe Angles ſhall 
te equal to the Angles of a given Triangle; as the Triangle FD G. 
(2, e. 4.) f | | | 
Note, Any Right-lin'd Figure 1s ſaid to be inſcribd in a Circle, 
tn all the Angular Points of that Figure do juſt touch the Circle's 
Feridbery, 8 | 
Draw any Right-line (as HK ) ſo as juſt to touch the Circle, 
at 4; then make the Angle 1 
LC equal to any one Angle 
nine given Triangle, as DFG; 
id the Angle HA B equal to 
ther Angle of the Triangle, 
De; then will the Angle 
0 be equal to the Angle 
DG. Join the Points Band 
Witha Right-line, and *twill 
um the Triangle required, 


r 
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PROBLEM xv, 


In any given Triangle as ABD, 10 deſcribe Circ! 
wh cored all its Sides. gk 13 | cle the! fu 


Biſect any two Angles of the Tri- P 
angle, as A and B, and where the | 
biſecting Lines meet (as at C) will be 
the Center of the Circle required; and 
its Radius will be the neareſt Diſtance 

to the Sides of the Triangle. 


5 | PROBLEM XVI. 
To deſcribe a Circle about any given Triangle. (5. . 4) 


This Problem is perform'd in all ReſpeQts like the Ninth, u 
by biſecting any Two Sides of the given Triangle; the Pon 
where thoſe biſecting Lines meet, will be the Center of the Cin 
required. | | 
PROBLEM XVII. 
Jo deſcribe a Square about any given Circle. (J. e. 4.) 


Draw two Diameters in the given Cir- 
cle (as D A and E B) croſſing at Right - 
Angles inthe Center C; and, with the ©: 
Circle's Radius C A, deſcribe from the |/ © : 
extream Points of thoſe Diameters, vis. A, DEE. 
B, D, E, croſs Arches, as at F, G, H, A; 
then join thoſe Points where the Arches 
croſs with Right- lines, and they will form 
the Sguare required. 


PROBLEM XVII. 


In any given Circle, to deſeribe the largeſt Square it am 

6 contain. (G. e. 4.) 
Having drawn the Diameters, as D A and E B, biſcdi 
each other at Right- angles in the Center C, (as in the laſt Scheme 
then join the Points A, B, D, and E, with Right- lines, 
AB, BD, DE, E 4, and they will be Sides of the Sju 
required, g PN 
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PROBLEM XIX. 
am given Right-lme, as A B, to deſcribe a regular 
* Pentagen, r Frue-/ided Polygon. a 
Make the given Line Radius, and upon each End of it de- 


tube a Circle; and through thoſe 
Points where the Circles croſs each 
other (as at G x) draw the Right- 
ine G e x: Upon the Point G with 
de ame Radius deſcribe the Arch 
HA: BD, and laying a Ruler up- 8 
on the Points D, e, mark where 
t croſſes the other Circle, as at F. 7 


Again, lay the Ruler upon the Points *, - Wy” 
I., and mark where it cro/es the Se 3 
tber Circle, as at C: Then from HM 


einde Points F and C (with the = Radius as before) deſcribe 
Ci s Arches, as at K: Join the Points A F, FK, X C, and CB, 
ch Right-lines, and they will form the Pentagon required, viz. 

=FK=KC=CEZ=AB; and the Angles at A, B, C, 
V F will be equal. | 


PROBLEM XX. 


hh any given Circle, to deſeribe a regular Pentagon. 
(IT. e. 4. & 10. e. 3.) 


[LEES 


Or, in general Terms, to deſeribe any regular Polygon in a 
"> Circle. 


Draw the Circle's Diameter D A, and divide it into as many 
qual Parts as the propoſed Polygon hath 32 

Gs; then make the whole Dia- 7 

ter a Radius, and deſcribe the $0 
wo Arches C A and C D. If a Right- 
c be drawn from the Point C, thro' 
e Second of - thoſe equal Parts in the 
biſect meter, as at 2, it will aſſign a Point 
chem tbe oppoſite Semicircle's Periphery, 
% MB. Join D B with a Right-line, 
e i" 1 will be the Side of the Pentagon 


0 


Qq2 


— 


— 
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* Twenty Problems are ſufficient to exerciſe the young 
Practitioner, and bring his Hand to the right Management of I 
Ruler and Compaſſes, wherein I would adviſe him to be very ready 


and exact. 3 b. 

As to the Reaſon why ſuch Lines muſt be fo drawn as direQec . 
at each Problem, that, I preſume, will fully and clearly appear great 
from the following Theorems ; and therefore I have ( fer Brevity 2 
Sake) omitted giving any Demonſtrations of them in this Chapter! 7. 
deſiring the Learner to be ſatisfied with the bare Knowledge of 4, Mi That 
ing them only, until he hath fully conſidered the Contents of Hv it: 
next Chapter; and then I doubt not but all will appear very pit Tl 
and eaſy, * - 5 | 8. 
* RETNG N 2 R . : — — Of Ne. 

Uh GH . | * 

7 . 5 in 

Collection f moſt uſeful Theozems in Plain Geometr * 

Ws  Demonffrafed. te (a 

1 1 | | | ; in Ar. 

Note, In order to ſhorten ſeveral of the following Demanſtratium, plain 

᷑ will be neceſſary to premiſe, that Fioure 

EE Th 5 | 1 4 | | 8 | their F 

-Y, T H E Periphery (or Circumference) of every Circle (u $us 

| ther great or ſmall) is ſuppos d to be divided into 360 equal: ir 

Parts, called Degrees; and every one of thoſe Degrees are divide vo 
into 60 equal Parts, call'd Minutes, &c. 

2. All Angles are meaſured by the Arch of a Circle deſcrib! 8 
upon the Angular Point (See Defin. ꝙ. Page 287.) and are eſteem ; 
greater or leſs, according to the Number of Degrees contain d i 

| | | three 
that Arch, 

i: | | _ (note; 
"2. A Dara, or Quarter. purt of any Circle, is always 9 bc 5 
Degrees, being the Meaſure of a Right-angle ¶ De fin. 6. P. 381M” A 

and a Semicircle is 180 Degrees, being the Meaſure of ti The 
Right angles. | „„ b the 
| | -” May pe 

4. Equal Arches of a Circle, or of equal Circles, meaſure ed Thing 
Angles. EE = Wants 

* | . | et | 6 they 

To thoſe five general Axioms already laid down in Page 14% Propoſe 
(which I here ſuppoſe the Reader to be very well acquainted with thou. 
it will be convenient to underſtand theſe following, which beg * R 

ration 


their Number where the other ended, 


Axiom 
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Arioms. 
y! 6. Every whole Thing is Greater than its Part. 

hat is, the whole Line A B is 5 | c 4 
d guter than its Part Ac, &c. A | 5 B 


The ame is to be underſtood of Super fictes's and Solids. 


. Every Whole is Equal to all its Parts taken together. 

That is, the whole Line A B is equal W 

v its Parts AG + cd +de + e& B. 11 
The ſame is alſo true in Super ficies's and Solids, 


8. Thoſe Things which, being laid one upon another, do agree 
c meet in all their Parts, are equal one to the other. 0 


But the Converſe of this Axiom, to wit, that equal Things | 
king laid one upon the other will meet, is only true in Lines 
ad Angles, but not in Superfictes's, unleſs they be alike, viz. of 

the fame Figure or Form: As for Inſtance, a Circle may be equal 

n Area to a Square; but if they are laid one upon the other, *tis 

gain they cannot meet in all their Parts, becauſe they are unlike 
Foures, Alſo, a Parallclogram and a Triangle may be equal in 
their Area's one to another, and both of them may be equal to 
i buare; but if they are laid one upon the other, they will not 

wet in all their Parts, &c, 


Note, Beſides the Characters already explain d in Part I, and in 
other Places of this Tr act, theſe following are added, 
Viz, I denotes an Angle in general, and S ſignifies An- 
tes; A ſignifies a Triangle; I ſignifies a Square, and & de- 
totes a Parallelogram. And when an Angle is denoted by any 
tree Letters (as, A B C) the middle Letter (as B) always 
notes the Angular Point; and the other two Letters (as A 5. 
d B C) denote the Lines or Sides of the Triangle which includes 
tat Angle. OP 
Theſe Things being premiſed, the young Geometer may proceed 
b the Demon/trations of the following Theorems 3 wherein he 
May perceive an abſolute Neceſſity of being well verſed in ſeveral 
Things that have been already deliver'd: And alfo it will be very 
Wuntageous to ſtore up ſeveral ufeful Corollaries and Lemma's, 
u they become diſcover'd Truths: For it often happens, that a 
Irſition cannot be clearly demonſtrated a priori, or of itſelf, 
Mhout a great Deal of Trouble; therefore it will be uſeful to 
ke Recourſe to thoſe Truths that may be aſſiſting in the Demon- 
"ation then in Hand, 5 5 , 
THE O. 
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THEOREM I. 


if a Right-line fland upon (or meet with) another Right-ling and 
make Angles with it, they will either be tao Right-angles, 1 Fog 
Angles equal to two Right-angles. (13. e. 1.) 


3 Demonttration. 

Suppoſe the Lines to be AB and DC, meeting in the Pin 
at' C : Upon C deſcribe any Circle at 
pleaſure 3 then will the Arch 4D 
be the 5 of the , and the 
Arch D B the Meaſure of Te; 
but the Arches AD + DB 180%, ,.A__ 
yu they compleat the Semicircle. dn: 
Conſequently the 3b Se = 180% Which was to be provid, 


2 
* 
— 
* 
— 


EY Corollaries. 

1, Hence it follows, that if the & h = go? then Te = 9&; 
but if I 6 be obtuſe, then the Te will be acute, &c. 3 
From hence it will be eaſy to conceive, that if ſeveral Right. 
Hines ſtand upon, or meet with any Right-line at one and the 
fame Point, and on the ſame Side, then all the Angles taken toge- 
ther will be == 180?, wiz. Two Right-angles. 


THEOREM II. 


F two Angles interſef? (i. e. cut or croſs) each other, the two 
5 oppoſite Angles will be equal, (15. e. 1.) 


Demonſtration. 
Let the two Lines be A B and 
DE, interſecting each other in the 
Center C. . : 
Then S 6+ x e=1909? 
And S | 
Conſequently x b Re=Ib+ 


— @, per Axiom 5, 27S 
Ee I 6 on both Sides of 
the Agquation, and it will leave | 
<= <6 | 8 : - 
Again, Kb + Ser 1800, as before; and Se C= 
3809, conſequently Te C= Se. Subtract? S e, and 
then C= b. Q. E. DP). FR 
i = 


——_— 
—_— 
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4 
. - 
„ \ 


| Corollary. 
From hence it is evident, that if two Lines interſect each other, 


they will make four Angles; which, being taken together, will al- 
ways be equal to Four Right- angles. 15 


THEOREM II. 


If a Rubi. line cut (or croſs) two parallel Lines, it will make 
the oppoſite Angies equal one to another. (29, e. 1.) 


— 


Right-line DG to cut them both 
at C and n Upon the Point C (with 
any Radius) deſcribe a Semicir- 
cle; and with the ſame Radius, u- 4 
on the Point at a, deſcribe another 
demicircle oppolite to the firſt, as in 
the Figure. Then 'tis plain, and I HH 
ſuppoſe very eafy to conceive, that 
if the Center C were mov'd along | 
upon the Line D G, until it came 


to the Center at u, the two Lines AB and HK would meet 


were but one broad Line), Conſequently the two Semicircles 
would alſo: meet, and become one entire Circle, like to that in the 
laſt Demonſtratiun. . | 
And therefore the y IX CA * before, per 
And m i e Uaſt Theorem. 
5 Q.E. D. 


Corollary. 


Hence it follows, that if three, four, or ever ſo many Pa ral- 
kel ines, are cut or croſs'd by one Right-line, all their oppoſite 
Angles will be equal. _ 

THEOREM IV. 


De three Angles of every plain Triangle are equal to two Right- 
-_ angles, (32. e. 1.) 


nd © /equently, any two Angles of any plain Triangle muſt needs be leſs 


than 120 Right-angles. | (17 4. I.) 
| Demon⸗ 


44 
1 1 
|! 


b5 
43 
: 
51 5 
1368 
kk wot . 
wy 
? 
[ 
- 


Suppoſe the two Lines A B and HX to be parallel, and the 


and concur, vix. become one Line ( for parallel Lines are as it 


* ou 
— uy — — — — — X _ . 
— ane — — — EE — — = . 
jo D — : — — 
— — —— = 
ä —— — * . 


ren 3 
CES I Iv 

T7” = . * 

— — — 
. ͤ ——— — 
—— 1 5 
— x Ark 


Subtract & Bon both Sides the Aguation, and it will leave & 


2 Elements of Geometry. Far If 


 _ Demonſtration. 5 

Let the A ABC be propos d; draw the Right-line E FO 
rallel to the Side A B, juſt touching : ar 
the Vertical Angle C; and upon the E > 
ſame Angular Point C deſcribe any e- HH bra 
micircle, and produce the Sides 1% Oo RG 
and BC to its Periphery, Then will 
a= < 4 < ex < of, and 
<= x= I C, per laſt Theorem. 
But x b + xa+ = x = 180?, or 
two Right-angles J <B+RA+SK 42 = 1805 


per Axiom 5. Q. E. 


ente, 
* , 


Corollary. 


Hence it follows, that the two acute Angles of every Right. 
angled Triangle are equal to a Right-angle, or 909. 

Conſequently, if one of the acute Angles be given, the other 
is alſo given, viz. 90 —the given leaves the other I. 


THEOREM F, 


F one Side of any plain Tria ngle be continued or produced beyond, | 
out of -the Triangle, the outward Angle will always be _ to the 
too inward oppoſite . (22.61) Fror 

| Trang 

Demonſtration. N 

Lot: the Side A B of the A ABC be produced out of the 4 
ſuppoſe to D, &c. as in the Fi- 


gure. Then < === . | 

C, for the B ＋ = SN 

180° per Theorem I. and the 5 
SATSC = . — 


22 * 
1 80?, per laſt Theor em. 26 


fore SATZ C per Axiom 5 


2 = =/ AT = C (ber Axiom 2.) Q. E. D. 
| Conſggatently, the outward Angle (at 2) of any plain Trang 
mut needs be greater than either of the inward oppoſite Angles, v 

heard A, or & C (16. e. I.) 


C orollary. 


| 3 it follows, that if one Angle of any plain Triangle 
given, the Sum of the other two Angles is alſo given; for 180 
the given J = the other two 5 WV. wared 


THEOREM v. 


every plain Triangle, equal Sides ſubtend (viz, are oppoſite to) equal 
Angles. (5. e. 1.) ne e . 
Cmſequently, equal Angles are ſubtended by equal Sides. (G. e. T.) 


© Demonfiration. 
Suppoſe the A B C to be an {ſoſceles a3 


that is, let BC = CD. Biſect the JC, or 
(which is all one) make C A perpendicular 


vo B D; then will the = < on each Side of 
it (viz. & B A C and DAC) „ 
angles, ] ; Y 
C B = 90? | 3 


Corollary. 


From hence it follows, that the three Angles of an E quilateral 
Triangle are equal one to another, N 


THEOREM vn. 
1 ery plain Triangle, the longeſt Side ſubtends the greateſt Ang le. 


„ 


(18. e. 1.) 
Lag the greateſt Angle of any plain Triangle is ſubtended by the 
weſt Side. 5 . 


This Theorem is evident by Inſpection only: For, let one of 
does of any plain Triangle (as C B) 5 C 
E produced, ſuppoſe to E; join D E | 


oo" 2 Rizht-ine ; then *tis evident, that 
wi gue CE is now made longer than the 


Ie B C, therefore the Dat D is be- 
me larger than it was before by the < 
D E. And it's plain, the longer the 
e (E had been made, the at D 
ald haye been the more enlarged, 


Rr 
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if the Sides of two Triangles are equal, the Angles oppoſite to theſ 


tus Triangles may be equal, and their oppoſite or ſubtending Sides w 


mutually equiangular; and, 


= fame Arch. (20. e. 3.) This Theorem hath three Varieties « 


at the Periphery, (as in the annexed 


and the FCA =2S&FDA perCaſet. | 


A ; oe 
** © 9 


THEOREM vm. 


equal Sides will be equal, (8. e. 1.) 
The Truth of this Theorem is evident by the two included J. 
angles in the 6th Theorem, for they have their reſpectiye Side 
equal, vis. BC=CD, B A D A, and CA common tl 
both Triangles. And it is there prov'd, that the S oppoſite of 
thoſe equal Sides are equal, &c, which needs no further Pr 


Note, The,Converſe of this Theorem holds not trus 3 for the Angh 


equal ; as will appear at Theorem XII. 
p „ Corollary. 
Hence it follows, that Triangles mutually equilateral are al 


That Triangles mutually equilateral are equal one to anothet 


(4. & 26. e. I.) | 1 . + 
e THEOREM IX. 


An Angle at the Center of any Circle is always double to the 4 
gle at the Periphery, when both the Angles fland um t 


Caſes, 
Demonffration. 
Caſe 1. Let the Diameter D A, and 
the Line D B, be the two Lines which 
form the = D at the Periphery; draw 
the Kadius B C, then & BC A is the 
S at the Center. But = BC A 
D SB, per Th. 5. and becauſe 
DC=BC, therefore = D B, 
per Theorem 6. conſequently 8 B C 
1D, 2 | 


Caſe 2. Suppoſe the B C F at 
the Center to be within the TB DF 


Figure.) draw the Diameter DA; 
then the= BCA =2<B DA 


add theſe two Zquations together. 


— CF 
* 


Ch. 3. K 
— 

—ll c 222 N 
70 4, per Ax. 1, But JBC＋＋ FCA SBC 
ir e 
N oat 4h "Ip | 


Caſe 3. Again, ſuppoſe the I BCF 4 e 
it the Center to be out of the e hf bt eg 
at the Periphery. From the e Dum ob 
Point D at the Ty, draw gs 8 1 * odd 
Diameter D A. AG 1  - f 


Then <FCA=2SFDA . 
S ec e Y 
Mira this laſt Æguation from thjhe 
ather, n 
2 TB DA, per Axiom 2. But FCA —- B CA 
FCB. and 2 D. 2 r pe” e e 
e e OM 4" 1 88 , 


5 «ll: 


bf | Ureggx59*"* Þ 


— 


> * - a ; 
” * N x, , 9 
N .* ii % „ein 
* « ann * 3 ' 
* 


land on the ſame Segment or Arch of a Circle, or Nr equal my 
ches, are equal one to another. (27. e. 3. 
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the Diameter of any Circle be the Side of a Triangle, and the An 
' oppoſite to that Side be any "or" in iy N s Pere, it will 1 
4 Kight- — 3 5 


* 


ads  Denionſtration. 


7 N as Die and DB A 
the Triangle, then T B O. Draw 
the Radius B C, then is the DB A 
ID Y EA. For CB D = ' 
XP, and: I CB A= I A, per Thee- 

mb, Therefore D BA=RCB © ot 
. SCB A, per Axiom 5. —_— 
DBA+< D+ IH = Io, 


= QED 


Kr Coral. 


Hence tis evident, that all . at the Wendet which 


An hints ina — 1 4 Right-ang le. (31. e. 3 39 2 That is, * 


th 9" K * 0 1 Fart = = 900 or a « Right-an | 


* 
2 . . 8 — > - = 
ä —¶ ec — — — ——_—_ nes — « —— — — — — 
AA — er " a — — — 3 
— 7 — — 2 — ͤ — —— — e yo 
* — * — — cc 1 n 2 TE — 
4 5 5 — - SS — — 3 be — 
- 5 — 1 Lo _= 223 = 2 — — 
2 7.— Pn — — — —— . 
_— * = — — — = — 
— — — — 


- 3 — 
— — K ISI 
— =— —— 

4 * 1 
— _— 
— 8 — 
— - r 

»n - IF 2 


| 

? 

; 

fi 

- 

1 
it | 
wi 
+ BY 


Part INI 


1 it Cary 1 00 to conceive. that an 1 | D | . The 
Bhs leſs than a Semicircle will by e or rae vo gram n 
Right-angle. | * 49 

2. And an Angle, nan in any var beter than ami ICH 
on muſt MTs be acute, = =6, 
„ 365 5 = the 
13 2 wes THEOREM x.. The 

| | Hto! 
* V Right-anghd Triangle, the age which 4 Mage f te 80 


| Helen. or Side the. Right-angle, ir 

. #vth the Squares which are made. 1 the Fir ing 

- Right-anghe.. O44 4) 7 5 

There are ſeveral Ways of demodifiting this noble and ut 
Ts but, I preſume, none more eaſy to be underſtood hy 
Learner than that which I ſhall here propoſe: And, in orde 
thereto, twill be neceſſary to premiſe the following Lemma's. 


dvr o lertae Lemma . 
A Eile: is. id to:be- multiply with a e la, uh 

either a Square, or other Righ-anghd Parallelgram, is made « 

the 170 Lines. 

That is, the Area of any Ræbrungiad Parallelogram i is equal t. 

ry Hog of thoſs, Numbers, MED! i the the Alert 
its Sides, e e eee 


Thus, if A 5 = 6 ches, e * Hr. 4 uy 
AC = 3 Inches: Thn ABX || || . 


Ac S 6X32 18 ſquare Inches; 3 125 I | (on 
which is the Area of the Paralleto- © 5 | | | 2 
gram 4 2 CD. | ES TT ITE. vill re 
1 Right-line be an r cut into two Parts, the 33 of e 
le — will be equal to the Squares f each Part, and a doubl 
Refangle or Perallberam made of both the * (4. 4. 2 
that is, if the Line & be cut into the _ 58 


two Parts Band C; then is $ = B+C: 
But if both the Sides of the # ation be in- | 
voly'd, it will be SS—B B 2B CH CG 


Ag. | 


Rx 4 x: 4 * 9 * * 
A 74 : f * 1 1 


made of its Baſe? ind icular. 1 

For B XC = the Area of the whole Pat 91 
„by the firſt Lemma. And A 

0H Abe H the Farallięram; but 
Ih and C c. T 1 B. N ET 
= the Area of each A, Dix. 4 BNC P BX C. 

Theſe Things being pee, let us Gotoh the + 2g * © 
Uto be a Right- angled reangle, viz, the Side Cc * to 


7 —.—9 — 
5 I d 3 4 | 


* 


8272 


* Side Þ'; then will BB 4-CC= HH 


> aw * * 'S$ 


Demonſratigg, . Tr a be * (7 4 | 7 


0 
Make a Squire. whoſe Side ebe 
152 B+ C and draw 3 % re age AF Meer et 
ncluded Square. wis d Ste-i- e > 107), he = 4 
2 H. as in the 3 3 5 A 4 bs 

ky ha the Area of the great I . 


4 


A 56 rer. 1 Voc L) 


4 * 
5 


« * 
— nee 2 


* f 

f 4 0 * 1 

diuare - rao to the h Ä r 7 = 5 &. N. 
of che four s + HH; { 22 N 2 * * 2 — ro 2 


a n of cn Ne 
BC, or B: XC, per Zanma 3. 1 45 1 © 
Terre oe 4 a 0 
avs of the great 1 . . 
f e. Fa E 
g and it will be B c 
(+C,C = the Area of the wt 
peat Square ; per Lemma KF | . 13 11 
7 lonſequently, HATH +28 3 1. 2 CeO per A 
1 ay Subtract 2 2,4 0 from both Sides Mt and there 


7g n- this — by Numbers . us 
Suppoſe C = 3. B= 4. and Has: 
Then will CC * nah and H H=25. 
* 1 T1 =H H= 16 +9g=25. 


— | 3:4 K 8 
Vows this admirable en (ſaid to b 1 bunu hy Py. 


ſs) is deduced the Method of adding and ſubtracting eee 
faklagrams, Circles, Qc. THE 0. 


J.orixped bhp 11 


4 


eee e eee *» 
% 2 2 
— 


1 %½%6½%½ %%% 7 
—— 
— 


| HEE | : 


- * {x 1 
4 . 1 


bj 


The Ares of every een Triongl is half the Paralich. ́ 
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1 Geometry 


THEOREM XIL 
In any e Triangle, a. Perpendicular being let fal 
a 


_ from the Right- angle upon the f 
| Triangle into two. Niall ee en mY [Sri te bere 
mühr 8 ___ ta. the . Triengl, Fay will be both Th 
45.4 ö. e eg 
| Note, All ; oO OY les 
» 3 | "4 ea <h Tip , Sr fil fi e a | Let 
as af 7 7 Ingle Angle of the other; but i any tun fork the I 
-1 s of one, Triangle are equal ta two ſing], 5 10 "of 1 5 dere 
1 r, t e third Angle will be equal, Per Theo md C 
I. In the Right-angtd & B 1 C, obo 
let A P be ſuppoſed. perpendicular to 5 A f * 
the Fhpathenuſe B C; then 54 „„ i 
PFC. For APN YB X 4 
= 9%, and  B + C= , | \\ Wein 
per Corollary to Thearem 4. Therefore 5" — Th 
R GE. Axum 5. B = of 0 10 
again, I C= 99, and I B = 90% 
1 <PAC=<B, 5 EET 507 B 71 = 
is to the GA CP; and exch/i alike to the fa BAG + al 
. Or if a Right. line be drawn rallel to one of the Sides of a 577 
ny plain Triangle, (VIZ, within af 15 Si e + 
it will cut off a Triangle ſimilar | - 
4: 
or alike to the whole Triangle. 8 4 
Thus: 6 
In the a A B D draw the Right-_ wh . 
line a J. parallel to, che Side AB; \ , Sup 
then will the incuded.&. Db be 4A a. 
ke the a I DB. 1 REES per Th 7 
orem 3 3 ang tt D is common to both the Triangles; ; Eis, &c. tg 
 T.HEOR; 175 
E M XII. Rel 
If t Triangles are 45 ie, their like Sides will be proportional, BAI 
"That is; thoſe Sides which ſubtend the equal Angles, as a e 
thoſe Sides which are about the equal Angles, will be proportion 4+ 
to each other; and conſe: quently, if any tu e have the 3s 
a 
ml re 


Sides ee Weir. Ingles are ul. Wo 5, 6 5 6.5 
ot Demon 


{ \ 
„ 1 LS - 


u — 10 Theorems. 1 


- Demonffration. 


10 is file Triangles in the Scheme of the laſt Term be 
d again. 

er prope wil be h B. AP: :4P: cP, according to this 

Theorem. race? PAP NAP. 


2 


Let us pe the aforeſaid Right-angled aBAC cut through 
the Perpendicular A P, and 4 . 
there open'd until the Sides BA CHE IN 4 
nd C A become one Night- line. 2 ; 
let the Sides B P and CP be JC P 


antinued until they meet in E; F 3 
then compleat. the Parallelograms To 5 Lats 
by drawing the parallel Lines C 5 


(LC, HAB, GHB, and LAP, P 
zin the Figure. | : 
Then it is evident, that the A "HIS! = ABB PA, and the 
CPA A CLA; alſo that the A B EC = A B&G, 
cauſe all their reſpective Sides are equal. 

But the B HAT AC LAT DOAHGLA = A B PA. 
44a PA＋QA PEP. Now, if from both Sides of this 
Equation there be ſubtracted the equal Triangles, there will remain 
HL T2 U APEP. on a flat Ra 
n AP EPA PNA P. Conſequently B P: FP: 
. Which was to be prov d. 


5 otherwiſe, thus : | 
duppoſe the 4 B AC to be NE ene 
Rebt-angled at A: Upon the * wp 
I Point C, with the Radius TP 


LL 


[1 deferibe a Circle, .and con- 
ine the Fypothemuſe B C to 
L join Z A and A D with 
12 lines; then will the A m_ 
BAD be like to the a 327 

4. For DAB+IDAC=a go?, by n 1 
F ZAC TS DAC = oe, by Theorem X. Therefore 
SDABL DD AC=IZAC+ ID AC. By Axiom 5. 
Tura I D A C from both Sides of the Aguation, and there 
Wl remain DAB=IZAC. MAES RA CZ 4, 


by 


uf 


In 


« tbl 


322 Elements of Geometry. Pert I 6 
by Theerem 6. And S B is common to both Triangles, T ＋ 
| l . | fore I B DAS CB. A Z, by Theorem 6, l * 
1 2 BA=by Then bb + «'=bhb, by Thur, , © 

| Let the Sides 55 enen nie, «' 
1 8 CA =c4 Ewhich gives the following Analogy T 
| Viz, bt b +c::h—c:b; that is, B A: BZ: : B D: 11 
i || 1 E 7 9 4 | Q. E, D. | * 
| HSUO1 15 0 3 4 LD 5 ( 
| 5 ä Corollaries. 5 
| x. Hence it is evident, that in any Right.angled Prins), in fin 
1 Perpendicular, being let fall from the Reach won the g ? ms, 
8 ae, will be a Mean proportional between the Segments off 
| the Hhpathenuſe : That is, BP: PA:: PA: PC. i . 
1 2. The Baſe (BA) is a Mem „ 
| proportional between the Hyper- | 
1 1e (BC) and that Segment of the | 
=  Ehypothenuſe next to the Baſe, (viz. Let 
1 BP) that is, BC: BA: : BA: BP. 1 EV b f 
| 3. The Cathetus (4 C) is a Mean x 6 ah 1 * 
| proportional between the Fypothenuſe (BC) and that Segment of 5 
= the Hypothenuſe next to the Cathetus, (viz. PC): That is, BC: on 
Wt I 
WW. > 7 OO ow * 
a J have been more large upon this moſt excellent Theorem, in i 4 
1 giving a double Demonſtration of it, becauſe it is fo untverſally uſeful Taper 
4 in all Parts of the Mathematics For the Buſineſs of Trigonomety! 
| | (both Plain and Spherical) wholly depends upon it; and therefore 
| one may truly ſay, that A/tronomy, Dialing, Navigation, Surveyigi Tv R 
i | Opticks, &c, depend upon a due Application of it. 
| "And of its Uſe in Geometry, Des-Cartes takes particular No- 
| © tice; as you may find in Dr, Pells Algebra, Pag. 65, WEH 
Words are theſe : 8 | MN | Let 
Des- Cartes, in a Letter not yet printed, writes thus: * In x 
« ſearching the Solution. of Geometrical Pheftions, I always make" l 
I «uſe of Lines parallel and perpendicular, as much as is poſiible, . * 
je means as many Lines as are uſeful ] and I conſidet nog; if 
« 'other Theorems but theſe” two, L the Sides of like Tran 
« gles luve like Proportion J. And [ in Reftangie Tring" e 


hap, 33. y Of Theoret 7 N 


t Conard 
7 — other Sides.) And I am not afraid to ſuppoſe many un- 
« kjown Quantities, that I may reduce the os'd Queſtion to 
« ſuch Terms, as to depend on no other Theorems but theſe 
« T WW . 1 1 . 
Deo thought convenient to inſert, that the young Learner 
may ſee how the great Des-Cartes efteem'd theſe two Theorems, 
ij, the laſt, and Theorem 11; for, in Truth, all the precedent 
Theorems are only (as it were) Preparatives to theſe Two. 


This aſt Theorem demonſtrates the Reaſon of the Method uſed 
in finding out Proportional Lines; as in the Three following Pro- 


A PROBL EM I 
Tur Right-lints being given, to find a Third in Proportion to them, 


(11. e. 6.) 


uy Angle in the Point 4, and 
produce the Line 4 B to C, 
making B C = A D; join 
te Points B D with a Right 1 
le, and draw C F parallel * 
bBD; then will the 4 A B D be like the 4A C F. There- 
we 4 B: B C (AD): : AD: DF, which is the third 
'riportional requir'd. 5 x | 


PROBLEM II. 


Twp Right-lines being given, to find a Mean proportional Line between 
them, (Ig. e. 6.) 


* 
** 1 
2 
0 


Let the given Lines be 13 T... 2 


e 


of : 1 4 
= 2 ; . . of” ; ** N . 5 
ake jan the two given Lines into one $5. . * 
de make BC= BP + PC and 7” 5 


hon B C, a8 Diameter, deſeribe a B=— — — ba =o 
110 Krcle ; then upon the Point P ND | P 


d $ | Cir- 


of the rt Side is f 1. die Squares of the 


* 
; 
* 
3 
4 
7 1 
1 
q 
* 
* 
Oo 8 
x 
. 1 
3 
5 
1 
FF 
5 
| 
4 
7 
* 
* 
= 
- J 
* 
; i 
* = 
J 
N 50 
— | 
iy > 5 
1 
„ 15 
© 
Ti 30 
4; oh 
Cs 7 
& 
11 
ru 
1 
1 
= 
q 1 
„. | ' 
Ji 
| 
ns 
: 
i} I 
+ 3 
* f 
S 
- 
=: 
"5 36 
Ls 
= I 
8. 
$ © 
- 
" 18 
* = 
: - 
* 
1 
= 7% 
x : 
5 * 
J 4 
y 1 
IS. - 
* : 
4 C4 
: 'Þ 
S: 3 
=. 1 
ye 3 
i 
on 0 : 
$1 
2 1 
38 
: S 
'F | 
s 3 
F 
a; 
"I 
12 * 
iy; ; 
. 
+ | 
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ler the two Lines meet, erect a Perpendicular to touch the. 


7 
4 
1 
ö 
b 
1 
6 
+ 
{ 
_ 
} 
7 
1 
U 
; 
| 
La 
[4 


p — —— 0: mg tage aA 
= = n 
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Circle's Periphery, as P d, and it will be the MY Heh 
requir'd; viz. BP: AP:: AP: PC. lere 
By this Problem tis eaſy to conceive how to make a Squary eq 
to any given Parallelogram. (14. e. 6.) If tu 
For if B P be the Length, and J C be the Breadth of the n 
Parallelgram, then will A P be the Side of the Square, equal ir Li 
Aria to that Parallelegram. of 
PROBLEM I. 1 
Three * lines * given, to find a fourth Propertimal Line. 4 
(4. . 6. 
ME ads Jo 
Suppoſe the three Lines Right 
1 8 AT: like t. 
Upon the longeſt Line A B ſet off and < 
the next longeſt Line AD; wiz. Theo 
make DBS AB -A; then A- by Th 
upon the Point D ſet theother Line- . 
DC at an Angle, either ight or oblique, and draw the Right-line 4 (WD * ) 
continuing it a ſufficient Length; make B F parallel to DC, and 
n be the fourth Proportional requir'd; that is, AD : DC : AB: BI 
| THEOREM XIV. | If tw, 
9 any Angle of a plain Triangle be biſected (viz, divided into ton qu they 
Angles) with a Right-line, (viz. as C A is ſupposd to do the A 
B C D) it will cut the oppoſite Side (viz. B D) in Proportim tt equc 
_ ether two Sides of the Triangle. (3. e. G.) i. e. BA: BC:: AD:CL na 
Dann DB 
Produce the Side D C, until CZ 25. Point 
— CB: join the Points 2 B with a =D 
Right- line, and draw the Line FC 
parallel to B D; whence the Z *©® 
= —CBZ per Theron 6.and 2 Dr: 
%% n d 
BCD per Theorem 5; or, dividing both 137 


Zides of the A quation by 2, WCBZ 
= BCD. But+ = BCD = 
Wha 4 AO = SCD by the Fypothefi 7s, dene TAB 
CBZ per Axiom 5: Whence AC is parallel to BZ per Theorem 
and the Triangles BD, ADC, and FCZ are ſimilar by the ſece 
Fi igure to T, Lorem 12, conſequently BA(=FC): BC (=I 

AD: D., QE. P. a 


% 


Chap 3: 
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T HE OR EM Xv. 


[two Nighi-lines (howſoever drawn) within a Circle do cut each o- 
ther, the Rectangle made of the Segments (or Parts) of the one 


of the other Line. (35. e, 3.) — 
That is, if two Lines (as 4 B and C D) do cut each other in 
ay Point, as at æ, then will Ax X Bx DN Cx. 5 


Demontkration. 


Join the Points 4 C and B D with 
Rpht-lines, then will the a C 4 be 
keto A BND: For BS C 
nd A TD. by Corollary to 
Theorem 9. and x Ax C RB xD. 
by Theorem 2. Therefore it will be A*: | 
Dz::Cx:; Bx. by Theorem 13. Conſequently A x BAN = 
BYUCs REDO: | 


THEOREM XVI. 


I two Right-lines are ſo drawn within a Circle, as, being continued, 
they will meet in a Point out of the Circle's Periphery, the Rectangle 
made of the one whole Line, and its Part out of the Circle, will be 
equal to the Rectangle of the other whale Line, and its Part out of the 
Lick, - (36, 7 3.) . 
That is, if the Lines A C and 

DB be continued unto the 

Point Z; then will AZ Xx CZ 4: 

EDAZNB2£&. <T; 


Demonſtration. 
Draw the Lines A B and CD, LORA 
then will A CZ be like to the D 


ale, conſequently, T ABE =<DCZ, by Theorem 4. 
pe AZ: BZ : DZ: CZ. Ergo, AZxCZ=DZ x 


THEO REM- XVII 
If from any Angle of a plain Triangle inſcribd in a Cixcle there 


te let fall a Perpenduular upon the oppoſite Side, as DP; 
-— C14 As 


Line, will be equal to the Rectangle made of the Segments (or Parts) 


abZ74; ne =D, ad <2 is common to both Tri- 


* 
— N 2 — * 
D . r Pu. - > OG L ene 
I IT — — v 
— — * — -= Aon — 


— 
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— 822 — 
——— ** Tn CENT RRS WD. Sou er” 
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— — as — — 
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.. EPR ede 
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As that Perpendicular is in Proportion to one of the Sides inch 
ing 


the Angle, ſo is the other Side including the Angle 
_ of the Ciel, in le to the Nun 
Demonffration; i; 
Let B C be the propoſed Triangle, 46 
From the I at D draw the Diameter to w 
DA; then will x A = B, becauſe. . 
they both ſtand upon the ſame Arch DC, BG 
and = DC A = 907, by Theorem 10. A 
conſequently the AD = IJ BDP, auſe 
by Theorem 4. Therefore A DC A is Cont 
like to the ADP B; and therefore, by 7˙ 
DP: DB:: DC: DA; or, DP: * 
DC:: DB: DA. Q. E. D. oy 
| THEOREM XVII. * 
Fam Duadrangle (that is, a Trapezium) be i 74 .; 5 
Circle, the two oppoſite A b taken together, * e gg Conſe 
Righi- angles, viz. 18% (22. e. 3.) i — _ 
That is, in the Quadrangle ABCD the <x 4+ TCS 
And the B+ RD = 1805. 5 ＋ 1805 TT 
| | SB. 
Demonſtration. 
Draw the tws Diagonals AC, and BD; 
then will the = BDA=<BCA, Al P 
and the = BDG== B AC. by Co- the 
rollary to Theorem g. But x AB C + ade 
<BCA+ RWBAC= 1809. by 
Theorem 4. and the = BDA + I BDC 
= FTA DOC. Therefore the ABC+ IADC=180 
and by the ſame Way of arguing it may be prov'd, that the 
BAD+=BCD=189%. Q. E. Dv. Hp 
THEOREM. XIX. Fi 
| | 5 z NCT 
If in any Quadrangle inſcribd within aCircle there be drawn tibo Di nd if 
nal, as AC and BD, the Rectangle made of the two Diagona fiken t 
will be equal to both the Rectangles made of the oppoſite Sides t 77 
| . 


Quadrangle. 
That b, ACXBD=ABXCD+4ADXBC. 
| 8 Demons 


\ 


Demonttration. 


Make the Arch D G= Arch BC, 
ind from the Points 4, G draw the Line 
{f, and it will form the A A D, like 
0 the AA BC: For the Rf A Daz 
< 8 A C, becauſe the Arches D G and 
J Care equal, 

Again, the = FD A=R BC A, be- 
auſ they both ſtand upon the Arch 4 B. 
Conſequently, the = 4 FD 2 x ABC, 
by Theorem 4. Therefore it will be AC: B C:: 4D: D by 
Maren 13. Ergo 2<X. 2 == Df. | 

Again, the A B A f anda ACD arealike: For AB 1 
ACD, and x BAf= = CAD, becauſe the = ff D 11 
=<B AC, and the CA is common to both Triangles. 1 
Conſequently, the & AFB =R ADC. Therefore 40: C 14 

5 CD XA i 
:AB:BYf, by Theorem 13, Ergo- 72 B f. But 
Df Bf=BD. Conſequently, BC ADT C DTA 
25 K 4c. . 7 T BET, 


> 2 hs * 
Ma 

—— CCD SI — a 
— * — 7 # A 


THEOREM XX. 
Al Parallelagrams (whether Right or Oblique-angled) that ſtand upon 
the ſame Baſe, or upon equal Baſes, and betwixt the ſame Parallels, 


are equal to one another, (35. & 36. e. 1.) 
That is, DABCD=DabcD. 


: Demonttration. 


Becauſe AB = CD = a b, by Suppoſition, therefore 44 b; 
fr B a is common to both. And be- | 
cauſe I CB D, and the A = = A_B 


, therefore hea A CA = ABD): . : 


and if from both Triangles there be | X 

ken the A B x 4 common to both, Fg : 
ttere will remain the Trapezium AB x C op Fe 
S P, per Axiom 5. „ 


But 


Parallelograms ( and e Triangles) which have the ſame one 


Like Nane are in a duplicate Ratio 1% that f their 1 


nother as are the Squares of their like Sides. 


like Sides to be thoſe mark d 


— T §—·˙•¾¾ ee eee ee eee EE CEE ̃ ͤw-l — — 
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But the Thejonkon 4 en Le 
the Trapezium a bK DT ACK DS 5 42 h CD. el, Then 


R FE. D 
Calin. 


Sr it will be eaſy to „Seele; that all Tal which tang 
upon the ſame Baſe, or upon equal Baſes, and between the ſame W 1 
Parallels, (viz. 3 the fame Hdeighth ) are _ one to another, 1 
(37 & 38. e. 1 * 

For of Triangles are the Halfs of their Adenin Paral. 


lelugrams; and therefore, if Ne W holes be 9873 their Halis will 
alſo be equal. 


THEOREM . . 


S have the ſame * roportion one to another as their Baſes — duct 


. 1. e. 6.) __ 
| Th 
Demonffrration. 
Draw 4 P 7” to B G, and draw 4 C ri 
IAB, C D, FG Perpendiculars to hem. F 
Then will E DI ATR ABC D. 8 8 | l 
And becauſe C D = A B, therefore „, 1 * 
BSN AB SD, «ns D >: 9 14 
2 DG:: BDA B: DGXIAB. B 


And conſequently A 4 BD: ACDG::BD: DG, Ke. 
THEOREM XXII, 


Sides. (19. e. 6.) 


| That i is, the Ared's of like Triangles : are in 1 Proportion one to a 


Demonftration, 


_ Suppoſe the a B C D and 
Ab cd to be alike, and their 


with the ſame Letters, 


55 Theorems, Fig 
Let A and a be Perpendiculars to the two Baſes D and d. 
Then 2 DAS the Area of A BCD 


Aud 2 4 4 — the Area of A c if By Lemma 3, Page 303. 


15 1 25 By Theorem 13. 
312: d:: 4 | 


4X+ 405 +: DDda=; Dad A. By Axiom 3. 
„ Hence 6 D D: d d:: 1 DA: da. And fo for other Sides. 


= T — 


— 


THEOREM XXII. 


þ every Obtuſe-angled Triangle (as B C D) the Square of the Side 
ſubtending the obtuſe Angle (as D) is greater than the Squares of 
the other two Sides (B and C) by a double Rectangle made out of 
me of the Sides (as B) and the Segment or Part of that Side pro- 
duced, (as a) until it meet with the Perpendicular (P) let fall up- 
1 , (12. % 2. - | 


That is, DD = BB + CCT 2B a. 


Demontltration. 

Firſt| 1] DD PP + aa + 2Ba + BB 
And}F21CC==PP + an - fe 

1 — 2]12} DD - CC = 2Ba + BB 
1+ CCD = BB +CC+ 25a 


. . % 
1 2 Py * — — — — _— - - — — — —— 44 + — — - -. nd * ee, — . 
, pr wn ce m 4 — yy. 6 * 26-4 1 a a 2 —ů — 8 — - — 2 * — 
— ” —— — . 
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+ # , — — — — — — — — - — 
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Corollary, | „ 
Hence tis evident, that, if the Sides of any Obtuſe-angled Tri- 
ale are given, the Segment (a) of the Side produced (or the 
Ferpendicular, P ) may be eaſily found. 


THEOREM XXIV. 


J « Perpendicular (as P) be let fall in any Acute-angled Triangle 
(as B CD), the Square of either of the Two Sides (as D) is leſs 
than the Squares of the other Side, and that Side upon which the 
Perpendicular falls (viz. C and B) by a double Reciangle made of 


the Side B, and that Segment or Part of it (viz. a) which lies next 
to the Side C. (13. e. 2.) 


That is, DD + 2Ba = BB | CC. 
X | Demons | 


— 
— 


r 


—ü— —— —weÄ—x—e —— 
_— ov a — 


— — — Se 
—— 
6 — 
P nao} rote 
—̃— O 


4 — iy 
. nn ERIE SS 
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_ The Solution of ſeveral Eaſy 


DVDDenmdconttration. 10 
Firſt] 1 DD PP. 
And 2 C CPP TN Thee. 11. 1 
But 3IB - ag e, by Figure. 4 X 
3 0 214|BB — 2a ＋ 4 ee. 57 
4 2 BB — 2Ba = ee — aa. 6, ſol 
5, 617 DD — CC = BB - 2Ba 
7 + |8|DD + 2Ba=BB + CC, Q. E. vill N 
. | Grame 

| Corollary, 


- 


Hence it follows, that, if the Sides of any Acutr-angled Trianph 
be known, the Perpendicular P, and the Segments of the Sid 
whereon it falls (viz, a, e.) may be eaſily found. 


Rr 


— . — _ * W .. th. 


"CHAP. IV. 
Provlems in Plain Geometry 


whereby the Learner may (in Part) perceive the Apjlica 
tion or Uſe of the foregoing Theorems. forts 


N OTE, when a Line, or the Side of any plain Triangle, is 
May cut into two (or more Parts, either by a Perpendicul 
Line let fall upon it, or otherwiſe, thoſe Parts are uſually call'd Seg 
ments; and fo much as one of thoſe Parts is longer than the other, 
call d the Difference of the Segments. „„ 
And when any Side of a Triangle, or any Segment of its Side 
given, tis uſually mar d with a ſmall Line craſs it, thus : — 
and thoſe Sides, or Parts of Sides, that are ſought, are mar#d ui 
four Points, thus | 


5 | / 
PROBLEM LI 
To cut or divide à given Right-line (as S) into Extream au 
Mean Proportim. (11. e. 2.) IS 
That is, to divide a Line fo, that the Square of the gra © © 
Segment (or Part) a, may be equal to the Rectangle made of t * 
whole Line S, and the leſſer Segment e. 1 
Viz. | 1 | Se S aa, by the Problem. a = | 
And[2 S -n ge, for SS ate. 20 | 
14 
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— —— — 


1283 


12 2 By den 5. 

4 * 81 1 

5 T8 Olga + S SS 

e E 9.288. ; See Pages 195, 2 — 


— _—_ — _ A 
s. Lied 


Note, The loft Problem cannot be truly anfuer's d by Niners but 
Cumetrically it may be perform'd, thus 


1. Make a Square, whoſe Side is = 8 the given 2250 ad biſedt 
me of its Sides in the Middle, as ee 2 

t C ; upon the Point C deſcribe ſuch PRs _ Ft. 
\Semicircle as will paſs through the 
rmoteſt Points of the Square, and 


compleat its Diameter, | 5 - -Re S a 5 


2. Then will either Part of the Jp og on each End of the 
Side ö, be == a, the greater Segment ſought. 

But a +S:S::8:a, By Theorem 13, 
Ergo, aa ＋ SA SS. Which was to be done. 


PROBLEM II. 


The Baſe of any Right- angled Triangle, and the Difference be- 


turen the Hypothenuſe and Cathetus being given, to find the 
Cathetus, Ee. e F 


116 —=72 
1 {| FTE © Pn. 

And] 3 S Cathetus ſought | 
4\bbbaa=dd+: 24a E aa A 
By Theorem 11. G 
5 D dd + 24a | 

0245 = bb — dd 
bh — dd | 
| 2d | 1258 = IF — 65 GEL ee 


8: d T24:: d: b. By Theorem 13. 
| 91h dd 240. As before at the 5th Step, 


— ers vv. — — ä 
1 


5 tos + Here 


- 
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Here you ſee that either Way raiſes the ſame Aquatim; new 
is there any conſtant Method or Road to be obſerv'd in dri A 
Geometrical Problems, but every one makes Uſe of ſuch Ways 3 
Theorems as happen to come firſt into their Mind, the Reſult be 8 + 
ing every Way the ſame. DV. | ] 


„%% jo gs = wk 2 
"The Difference between the Baſe and Hypothenuſe of am Rio Wl 
. . angled Triangle, and the Difference between the $M p | 

 Hypothenuſe being both given, to find the Triangle, a 
A | =p 8 | 
Let I 2 * = 5 . þ 

And] 3\d4+x+a=the Hyper. 

Then? 2% af cpa. the Proll 19 

Then 3 y rabl. 20 

4 ©* | 6]dd+2dabaamy | ;+ 

5 O- | 7 xx+2xa+aqa=ee 6 w 


3 © | 8|dd+2d+42da+2x0+xx-þ0a=0) Hythe, Wl | . 

6 + 5] 9|dd4+24a+2za+axx+20a=yyÞ+re | 
The two laſt Steps are equal, by Theorem 1 1. Conſequently, f 17 

thoſe Things that are equal in both be taken away, the Reman 7 — 


ders will be equal. By Axiom 2. 12 
That is] 10a = 2dx = 1600 — 
1Y0w IIIa = N 2dx = 40 EE 
1+ IIII2 % TA, =y The Baſe. 
2 + 11 13IX＋-4 = 65 Se The Cathetus. Ii an 

1+2+11114jd+x + a = 97 The Hypothenuſe. a 

—— — — Ss — — — — — — — — (1 

PROBLEM IV. 88 


De Hypothenuſe, and the Sum of the other two Sides, of any Nil * 
angled Triangle, being given, thence to find the Sides. 


The 
And] 2 a+e=S=137 2 A820 

By Fg.] 3a ee = HI 2 EE 
* . 4% Caae.-Les 8 — —— ; 0 
4 — 3 5 =S -t * I 
32 — 6 aa — 2e + ee — 2HH— SS | ga 
6 w* | 7 === 9— 2 


24 — 
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17 7 8 24284 4) 2 HH —SS=144 
E D = 72 The Baſe requir'd. 
4 g| 10]e = * — 65 The Cathetus. 


an 


— 


PROBLEM v. . 
Hypothenuſe, and the Difference of the other twa Sides of any 
e Triangle being given, to find the Sides. 

Let! 1 52=2 97 As before. 
„ d = 7 Quere 4 
aa Tee =bb 
aa 2e ee 
2ae =hh=dd 
aa 2ae4ee=2hh dd | 
a ＋ = a 1 
140 1 5 il 
| — 19 
2665 3 = = | 


— —— * © 


— — * * — — . 


PROBLEM VI. | 1 
I any Right-angled Triangle, either the Baſe, or Cathetus, and | ' 
the alternate) Segment of the Hypothenuſe made by a Perpendi- | 
cular let fall from the Right-angle) being given, to find the other Seg- | 
ment, 8 | | 


Let 
And] 
Then 
3 5 
Again, 
3 
b + ag 
5 0 
8 uy? | 9 


| 


+ = 45 iv Ou ET (ll 
b — 48 De alternate Segm. f . 


[b:e::e:0 Quere 4 

b Dee 1 Es 
cc — aa =ee, By Theor, 11. 
ba = cc — aa 
07... oe 

aa ＋ ba Þ 3b cc 435 
C 

2 = . —*: b= 27 And fo on for e, &c. 


EY al I ſhall 


2 _ — —— —ũä 

— — — — — * 

* — 1 —_ — | ” — — ä — 
—— — —— — . — <> ns 

. ==" 


— 
— 
— 


1 
2 
3 
4 
5 
6 
7 
8 


* — - — 2 
„D r OE ee e mY 
I — - —— 


— — 
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| ſuch a Semicircle, as will paſs thro? 


— Md ———— — 


I ſhall now ſhew the Geometrical Con/truftion or Soluti 
three Caſes of Puadratich Aquations Ger A Page 44 of th 
the firſt Example be that above, viz. aa + ba ==, Caſe 1. et 
Make the Co- efficient b, and the Root of the ag (which! 
is here) c, into a Right-angled Pa- , 
rallelagram. And upon the middle Hig 
Point of the Side = b deſcribe 


the remoteſt Points or Angles of * 
the Parallelgram, compleating its wy 
Diameter, as in the annex'd Scheme. 
Then will either Part of the Diameter, on each End, be equal taf A 
a; the other Part will be 4 ＋ ö, and the Side c will be 2 Aan . 
proportional between them: That i is, q b: e: :c: a. By Theod 
rem 13, conſequently aa ＋ ba = ce. Which was to be = per / 
PROBLEM VII. 4 
The Difference between the Baſe and Cathetus of any Rial — 
angled Triangle, and the Perpendicular let fall from 4 Ry ght4 | 
angle upon the Hypothenuſe, — given; thence ta find the Hy 55 
* 9 N 
Let 3 17 The Difference of the Side | = 
And = 36 |; 90 
Quere 4 5 a = The Hypothenuſe, F =. I0 w 
By Fg.] 4jd+e:p::a:e. bi. 5 UT 
4 * 4 de + ee = pa 5 1 a 
| Again, 6d + 2de + 20 5 ada. By Theorem 11. T 
ma 
5 X 2] 7 das + 200 = | bl 
6 — 7| 8]dd==aa —2pa, Caſe 2. ie) 
8 C Ol 9jaa—2pa + pp =add + pp=1521. nd; 
9 u 110 0a þ = MW Leng 
10 + p| 124 =þ + v 4d +Pp=75> Se. for « e. L Ste 5. = 
e —— t 
De Geometrical Cinftruftion of this Caſe 2, viz. a4 — 250 =( 
may be perform'd in the very e 18 
fame Manner as the 1% Caſe 5 ve juſt 
was; that is, by making a Rights ZI. demi 
angled Parallelogram of the Co- B . þ int 
efficient 2p and the / dd, viz, * : 2P Ia. t 
d, &c. As in the annexed VVV 
Sure. ; SLIT ETELLLED by 7 


55. Of Reſolving Probiems. 325 
"Then will the greater Part of the Diameter to one End of the 
Prrallelogram be = a, and the leer Part will be a — 2p For 42 
1:: 4: a—2þ by Theorem 13. Conſequently, aa — 2þa = dd. 
Which was to be done. - | 


PROBLEM vm. 
De Hypothenuſe of any Right-anghd Triangle, and the Perpendicu- 


lr let fall from the Right-angle upon the Hypothenuſe, being gi- 
ven, to find the greater Segment of the Hypothenuſe, Cc. 


Let] 1]þ = 75 The Hypothenuſe 
And] 25 = 36 RL 
Then 3]a+e=h Quere a 


yer Ex. 4ja:p::p:e — — 
| 5 "=; | 
=. & 


„ 67 - a=E e 


| | 
7 X a| B[ha—aa —pþ Caſe 3. 

8= [oa — ha = — p LO 

qC Qfioſaa— ha r = 4 hb - pp = 110, 25 

10 u F 5 

1-10 121 . 1b V0 —pp= 48. Or, 4 = 27. 2 


* 
— . 


The Geometrical Conſtruction of Caſe 3, viz. ha — aa = pp, 
may be thus perform'd : Draw a Right= Sg 5 
lie (of any convenient Length at Plea- 8 * 
ure) and near its Middle erect a Per- 2 N 


pendicular = p, wiz, of the ſame * F, p N 
Length with the Root of the Reæſaluenl. a q Z 
from the top Point or upper End of © +... 15. 


35 © * 0 


that Perpendicular, ſet off Half the 
Length of the Co-efficient, viz. Sand upon the Point where — 


jult touches the firſt Line (with the fame Diſtance) deſcribe a 
*micircle ; then will its Diameter þ be cut by the Perpendicular 
into two Segments, which are the two Values of the Root a, - 
viz, the greater and leſſer Roots, both taken together, being always 
qual to the Co- efficient: (vide Page 201.) For h —a:þ: : pr 
j Therem 13. Ergo, ha = aa== pp. Which was to be done. 

P R O- 


326 __ Elements of Geometry. Fr Il 


The Perimeter, 2, e. the Sum: of all the three Sides of any Right. 1 
Triangle, and its Area, being given, thence to find each Na 
Viz. Let 


13 — 215 


PROBLEM X. 


ija-rFe -y=s 234 The Sum of the Sides. 
2 Zac A The Area „„ —- 


In am Right. angled Triangle a Perpendicular being let fall from thel 

Kight-angle upon the Hypothenuſe ; if the Sum of each Segnunt, 

when added to its adjacent or next Side, be given, thence to final 
each Side, and the Segments. 5 


9.10 


| 31 aabeeyy By Figure 3 | pos | _ bb 
| | Ne | I5 x 
4 | 24r==4 A . . 3 
5 |aaÞ24e-Feemzy -A 8 : 
16 ae =- 5 PO IT 
7a 24e ee =S$5—25yþ yy 
8 +adezss—29y — 
9 MO "Oy ] 
100 — 2 — The Hypothenuſe, =” 
| 5 1 21 u 
11} a4e=s—y =137 | 1 
1214 — 2e ee =. 4440 =. 
I3]a—e=d/ 49=7 855 | 
I4|24=137 +7=144 | 1 
a=72 The Baſe. | =: — 
| 16]e=137 —72=65 The Cathetus. 1 7 


| 4 


PROBLEM FX. 


I | a+u=s=108 


4 ey = 2=72 = | 
a, e, 1, , and p 5 . Hi pi. yl 
* = Wy” ot - } 


4 | u1=s5—25a T aa 

5 | u½ -a - 
| 6| 2z==e=p | 
7X ze ee 

| B| 22—22e=jy—ecpp 
T- ZN8DDSSoum 26a 

2: p: hp: 

. 


de - — 254 


„ 
11112 
| IZ 7 
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dd = we. 

1 — 4 13 4 — — T* 
| 2255—4 254 


13 * 2% 14 220 a 


1+ 14/15] . e Ä 


ZZ4==550 2 + L255 — 4250 
| 2504+ 224-4254 H 255 


dubſtitute 


Then 
» CO 


21 uy" 


x ⁊ 0 N 
aa T — Ta 


It = 2 — = +22—35=114 


20 „„ 
21 aa + 2xa-4-xx=25 Ca 1025 


22|a+x= 4/ N ax = IO5 


1 — x23 a= z5-xx: — x =48 
1— 23124 u=bo== The Baſe. 


—25—27 


2— 1 26 = -45=the Cathetus. 
27 4 —75 5=the Hypothenuſe. 3 


PR OB LE M XL 


The Difference of the Sides of any Oblique-angled plain Triangle, the 
Difference of the Segments of the Baſe, and the Difference between 
the greater Side and the Baſe, being given, to find the Baſe, Ac. 


114 = the Difference of the Sides = 405 
Let 3]: S the Difference of the Segments = 495 
ö : x = 165 the Differ. of the greater Side and Baſe 


SS 
25 - 


And 4,4 = the leaſt Side 
Then] 5|4 +a + x = the Baſe 8 
And e = 2 
By Theorem 16. c : 
b „. 7| db ba-\ bx d 4-2da © ; "4 * 
Sa . 8[ 24a—ta=db+bx—dd _ . 
— b 11812 
922 5 1 — = =-375 


I + 9 19, d+a=780=the aged Side, 
3 ＋ 1[11]d+a+s=945=the Baſe, 


p R O- 


— — — ——— ere A EAI Wo non ns I — — — 
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PROBLEM XII. 


The Difference of the Sides of any plain PFriangle, the Differenc of the! 
Segments of the Baſe, and the ö icular /et fall 275 the verti 
cal Angle, being given, thence to find all the Sides. 


Let 1 B+ 1 73 25 before 


rh N 
And | | 
ue 4 4| a= = © lefler Segment, 


5 227 Pee: VV 
6 bb-þ 2ba==dd--2de 

7 bb—dd + 2ba=2de 

8 2x=bþ—dd=81000 


WW. 


Subſtitute 
75 8 


pane By "| NE I 1. | 
xx-Þ-2xba-bbbaa 7D ; 
# al r 
xxÞ+2xba bbaa 
4 4. = =pp +6 4a 


| e . 1 

| 19 «444+ Va * 

- out 1 * V3 e 2h 225 
J 24 2450 


22156 ＋24 2 945 the Baſe, 
1 Nn 23] e=375== ih leſſer Side. 


Part ll 


———— — as * 


1 12 23124 d + — the be greater © Side. 


PROBLEM XIII. 


e Sum of the two Sides of any plain Triangle, the Differenc of 
Thi, Segments of the Baſe, and the Perpendicular ier fall from tit 


7 2rticul | 


i 


1 
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Partical Angle upon the Baſe, bring given, thence to ns 4 Baſe 


and the Sides. 
: 2 1155 the Sum of the Sides. 


= 495 the Difference of the "Ay 


ya J | 


: 18 


[Ss —22== 


Perpendicular . 
a = the leaſt Segment, 


2 = the leaſt Side. 
d + 24 = the Boſe. 
=the Difference of the Sides, 


d + 2a: 5: 221: 4 
aa + pp = ee 
yaa = 
dd + 2da = — 2 


* 
- 
» 


1+ 


I2 


2 = $5. — Ad = 2.48 


Cuppoſe | 13| 2 = 55 — dd 


7s 
2 
SITTEE LEA 


Then] 14 | 250 = 2x — 24a 


x—da 
— — — 
14 — 21517 p 


ds 

o, 15[16 _ ö 

VT — diey 1 

16 & [17 5 aa ＋ 55 

M X 5|18| xx — 2xda + ddaa = 550a + sepp 


8+ 195 


s — ddaa + 2xda == xx — 55pp 


19]20 


zx + 2xda = xx — 55pp 


15 
"= | Mo Sp 

0 ＋ 21210 + da = ry, Sc. as before. 

21, hence 22 = 223 


2 * 2 23124 = 450 

: + 2312404 + iy wn 6s the Baſe, 

10, Numb, 25 [e = 375 the leſſer Side. 

= — 25 20 5 — e = 780 the greater Side. 


— * 1 —— rr 


PROBLEM XIV. 


* and 


hence to find the Baſe, Qc. 
Bl: 14 =141750 = the Area. 


b = 495 5 . 
U u | 


—— — — 


Th Area of 1 Obligue-angled plain Triangle, the Difference of the 
Difference of the Segments of the Baſe, being given, 


Put 


— — 5 


ws 4 
: PER RE IP g * 
v — — * wo my * e ge —— — hy — —— 
* 7 * __ — F.-Y - - - La. cnn dt —ͤ—ę— 
. — 3 — — IE — — : — — _ 
— . - AE” * 3 


— —— 
— - - * 4 Fo. ES —— 


— " — —_— — —— 
, —— - 2 * * — — 
: — — * = - — — Em — 
w r N 2 2 — 2 . — — — — — 5 2 

—— — — a n - 5 r TIS * 265 6 e 833 — — 

— wo He AE - BD — — Ss —— n 1 — - 4 ” Ca of 
— — — e — RS ä 2 2 —— * WW —— 0 > a 

5 - —__ 2 * tar” 2 — * ras 182 = _- 
1 er 
— 


mr 


— 
* N 


pe 


—_ 


— ot 


— . . RP —— 
e 


| 
i! 
I 
| 
44 
| 
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4 |y = the e Perpendicular. BS 
br 3 5% = the Baſe. 
Then 9 wa =A 
Per Fg.] 71a:d+2e::4:6 SN 
7 „ © ba = dd 4- ade — — 
8 — dad fa dd = ⁊2de WE 
9 @* ol — 2ddba ＋ dddd = 4ddee 
Per Fig. | 1 I =2 = « the leſſer Segment of the Baſe, 
11 &* 12 — FOR 
6 X 2 he 24 
13 — a 10 2 
1 
„ 


Hl 2 26a + 


| aa — 
bbag—2 ddbad-dddd Is 1 : N 


bbaa — 2ddba + d. — 444 | aa—w1a+bb 
aa 


16, 1718 7 
3 if 4 

18 * A 10 = 2ddbai--d*aq _ =4 AA4+ a* _ bba 

| tat — 2ddba* + dus = 16 Adui + dir 


19 * 9 . wm à24adba + dabba 
20 + 21% — da. + dia — ddbbe* = 16 Adil 
„ | 16AAdd 


21 — |22 * 


- 8 3 
220 O 65 aaaa — ddaa + 4 dddd = 2 +4 6 


25 w 260 = 144 N TS = 945 


Dios ; * | — — 
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PROBLEM XV. 

ig an Oblique-angled plam Triangle, wherem _ Perpendicular is 
19 7% from the Vertical Angle upon the Baſe; the leaſt Side and the 
Baſe are given; and the Reftangle of the Difference of the Sides in- 1 
1 the leaſt Side is equal to the Square of the Difference of the Segments bl | 
of the Baſe : *Tis requir'd to find the Segments of the Baſe, Ef, i 


Eb | 
'] 1]c = 56 = the leaſt Side, 1 
Let 4 2| B 3 == the Baſe, | | al 
And] 3 a + 2 2. | | 1 
put! 41y == the Difference of the Sides. We 
Then] 5 ſ o = aa by the Queſtion, : | 
By Figure 61B:2cr+y::y:a, for B=a + 2c =! 
{ . 7B = 29 Ty | 1 


* 
2 2 „„ „% EL bs 


F1 ccBa — 2ccaa = agan ⁊ if 
z — 41145 — 2ca = aaa EOS. i 


I, + 2cca 15 aaa + 2cca = cc B 
15, in Nam. I6 aaa 627 24 = 288512 


The Value of a, in this Æquation, may be found as in the Ex- W 
unples Page 238, Biz. by putting Yr = e 4, &c, a8 in thoſe Ex- | [| i 
aples you will find a = 37,55502, &c. 1 


PROBLEM XVI. Wl 
Th three Chords or Subtenſes of three Arches compleating a Semicir- 6 
cle being each given, thence to find the Diameter of that Circle. 1 
That is,  - © . . I 11 
dy Trapezium being inſcribd in & Semicircle, if one of its Sides be 


the Diameter, and the other three Sides be given, thence to find the 
Diameter or fourth Side. e 


Jt 5 
Hu Let 


| oy” vi | 
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10 — a|[11|aa@ — bba — dda — cca = 2bdc 


12, Numb. I 3| aaa — 5c = 120 


will find a = 8,05581, &c. 


115 Br. 
2|c = + the 3 Sides, J 6, C 
a =, 
412 = the Diam, fought bee J 1,T 
Draw the two.Diagonals — ů —»„-— b+ 
Tben] 5 5 + 72 ey. By Theorem 19. 10 1 
16 — 5 = 5 I! 
eee, WM 
5 S- ccaa + 2bdca / bbad = eeyy it wil 


6 X 71 9|aaaa — bhaa— ddaa + bbdd == ey 
8, = 9 T0 l — bbaa — ddaa = ccaa + Adra 


TI — cca 121 a — bba — ada — ce — 2bdc 


This #quation being ſolv'd, as in Example 2, Page 248, you 


PROBLEM XVIL 


In amy Right-angled Triangle, the Area and the Sum of the Hypothe. L 
nuſe, when added to either Side, being given, thence to find th 
Sides, &c. | : 
e „ 3 
50 09 18 A= 1350 the Area, 1 
2| y Ter r 120 the Sum, &e, 7 
31 Quzre a, e, and y er“ 
1 * 2 dents 7 PS 1 
4 = 4 5 2 | ME: Me 6 
Per Fig | aa + ee = = 10 ( 
2 — 7b ly 
I gh a4. 8, 
Ss 7 OA TTY £ 
8 6* |9 „ 424 ; 
. a aa Th 
2 . 9 
e 16 
10 ＋ 4 II 4 4 ＋ aa | 
Br 
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6, 9, 1112 12 þ aa = yy = 55 — LEN — 


, | RI 2 
12, That is] 13 4 == $5 - 


13 X 4|14|aaa= 5a — 454 | [| 
10 15 f — aaa = 45A it 

The Va alue of a, In this Aquation, may be found 28 15 the | | [| 
hid Example, Page 241; that is, by making r + e = a, &c. 1 
it will be found that a = 60. 6 


* 
— INV. 


PROBLEM XVIII. 

Nere is an Oblique-angled plain Triangle, wherein 4 Perpendicular W | 
is let fall from the Vertical Angle upon the Baſe ; the Sum of each . 
Segment of the Baſe, when added to its adjacent or next Side, and . 
the Area of the Triangle, are given, to find the Perpendicular and 
tach Side. 5 5 

| I S =z = 1500 
1 2 "I 4 272 — Quere y, l, e, and u 
3] A the Area = 141750 = 
And] 41\a the Perpendicular ſought. 
Then PNA 


12 HU = 55 — 25e — ee 
„5 111312 — 22y aa 
5 12114] — 2 = aa 
13 + 10 ZZ — aa == 22y 


4 7 


$5 — da == ; x 1 
5 ig we f n tg the Value of 2 _ 4118 
5 So rom the 24th Step, e andy will | 
71 2z } be eaſily found by | theſe op 
8 Steps, and 5, 2, by the gth and 
8 e (oth Step. 


131 — — —— — — a — 
4 ————ß—3ßP— * ͥ — EE nn 2 — — —— — > — r - 
* — - ra," we — = — 2 — 
BT "AXIS F — 2322 s 1 — 
0 3 72 — yo. 8 r P — li on Lg 
3 - PROS . 00 . 


6, 19 1408 


— - —— ar wy 
” — Ee 
v7 CULT 


ee Er Oe a ton neon 
— —___ e4- 


21 x 4/22 2&5 — gag ＋ 26 — 2 = 
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| 22 nm S — 4a __ 24 
25 1 5 Th 
* - = e 
20 X 22121 3 == 
4 5 


42 A4 
a 
22 X aj231z25ia— saaa ＋ 2554 — zaaa == 4245 
2% Num, 24 | 9000004 — aaa = 243000000 
Here a = B90 found as in the laſt Problem, 


— | —— — * 00 
PR OB L E M XIX. 
There i :s a Right-angled Triangle, wherem a an is draun pu- 1 Ny 
rallel to the Cathetus 3 there is given the Cathetus, that Segment f pet 
the Hypothenuſe next to the Cathetus, and the alternate Segment if 
the Baſe ; thence to find the Baſe, &c. Opera 
vis, Letf 1 b=20 . c=24 and b=15 _ 
Then] 2 = the Baſe. — Z 
Here | 3 b +a : a: e per Figure, s 
And} 4 4 Þ+ ec * * hb per Figure, ” 
| ca J 
„ He. 
ag 5 28 and th 
$0 Bb I tba aa te fa 
4 — aq 3 —— 5 Thi 
ccaa 8 from \ 
6, R 
Conſec 
8 * 2 ccaa == hbbb — bbaa + 2bbba — 25 + Moi = af Oprat 
g + Ol at4-2baaa + ccaaÞbbaa — hhaa—2hbba =hbbb 
That i is, [II 11 Jede 5 — — 0 
eee — — . D: 
For a Solution of this ZEquation, let it be made 2, Da 
aaaa + taaa + caa — da = 3 5 = 40 c=751 0 * 
Put r + 2 =a os | = 9000 i G = 90000 
| r + 4rrre + 6rree = 
brrr + 3brre + 3bree = 1 3 . 
Then err ＋ 2cre + cee caa - & = 90000 In the ( 
— ar = de = — da the $ 
0 the | 


Then C4, 
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— <-—+ 10000 + 400 + boore 0 
Then 3 


＋ 45000 ＋ 12000e + 1200ee 


TL 15020 + 751 e- g0009 
=— YOOOO --- 9280 ee - 


That is, 35100 + 22020e T 255 lee = 90000 
Hence it will be 22020e + 2551ee = 54900 
Conſequently, yp + ee = 21,52 = D 
VVV 
Operation, 8,63) 21,52 (2, 1e 
— 2 2,1 | 20 f 


— — — 8 
1 Diviſor = 10 1, 52 Firſt 7 = 10 
1, Diuſr = 10,7 1,07 ＋— e = 2,1 


5 &, r + e 12,1 for a ſecond 
Operation, which being involv'd, and multiply'd into the Co- 
ficents, as before, will produce theſe Number: 


＋ 21435,8881 + 7086, 246 + 2 
C. 


— 


＋ 70862, 4400 + 17569,20e + 1452,00ee 

＋ 109953,9100 + 18174,20e + 751, ooce ( 

— I08900,0000 — 9yo00,000 _ | 

Viz, 93352,2381 + 33829,04e ＋ 3081,46ee = 90000 
Here, becauſe 93352,2381 > 90ooo therefore 12,1 > a, 
and therefore it muſt be made r — e a, which will produce 
the fame Numbers, only all the ſecond Signs muſt be changed. 


Thus, 93352,2381 — 33829,64e + 3081, 46e = 90000 


from whence will arife this Zquation : 
+ 33829,64e — 3081,46ee == 3352,2381 
Conſequently, 10,97 84e — ee = 1,08787 332 = D 
jeration 10, 9784) 1,08787332 (0,0999 = e 

— 8 979% | | | 
I, Diviſor 10,88 10867 3 Laſt r= 12, 1 


. Divſor 10, 879 97911 — 2 0,0999 
3 Diiſar 10,8785 5 : ROJOS 22 1 — e = 12, 0001 = # 
00 979065 
Kc. 


„„ KOBLEM: XX. 
I the Oblique-angled Triangle CAD, there is given the Side AD, and 
the Sum of the Sides AC + CD; alſo within the Triangle is given 


the Line AB perpendicular to the Side CA; thence to find the Side 
C4, &c, 7 Let 
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11CA + CD =51. F 


= Iete | 24D =4 = 32 Fa P 
| 3|AB =b =21 ” Sn 
| Andl 404 =a fought. | T 
Then 5 — 4 C Diu 
„ HD Lao 8 ters ( 
Suppoſe] [the Line D F C py D t 
| parallel to AB ; CA being produced tox Ml”; 
| Then] ja CAB, and a CFD will be alike. 
x And] 6|BC: CA:: BGC 2 
| But! IBO Naa. Let AF=e, and FD = wore) 
1 6, 7 8 Vas: a:: 4. 4 e 5 a | 
| 3a — 44 | Equa 
8 oy {PEE 10. 
5 G [10}s—2ma+Haa=OCD 
Per Hg. 11 |55—-25a+aa =aa+24eÞee-y=0CF +070 5 
II — aal 12]55—254=2ae+ee yy — 
But 13 dd te +wy=DO AF4+ Q#D 
I2 —- 13| 14 | 55—25a—dd = 2a + 
Let] 15 2x =55—dd 
 I5 { 16] x—5a==a? 
The 
10 | S00—25400 + AF 
9 bb ＋ aa T5 U . | 4 
xx—2x54-þ2.x00 - $$a0—25031- — E 
— ä — — U a ＋ le dr 
| "00 | whole 
Ce- 25aaa + a* _ nany 
_ bb + aa LS | 
xx — 2x54 ＋ 2xaa + s — 250 LC. 
n aa 
This Zquation being brought out of the Frans, and int . 
0 


Numbers, will become — 20184. + 1254094) — 2464230, 5 
+ 35468307 = 274183922, 25; which being divided by 201 
the Co- Hcient of the higheſt Power of a, will be — a ++ 62,11 
6a? — 1221,1254* ＋ 17575,96974 135869, 138875 &c. 


A 


| th 
Flick 
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pm, due Regard being had to the Signs of every Term, 


Divfon, hath always been taught both by ancient and modern W ri. 
ters of Algebra, as a Work ſo neceſſary to be done, that they do 
not ſo much as give a Hint at the Solution of any adfected Ægua- 
tn without it. | | 

Now it very often happens, that, in diuiding all the Terms of an 
Equation, ſome of their Quotients will not only run into a long 
Gries, but alſo into imperfect Fractions (as in this Ægquation a- 
ove) which renders the Solution both tedious and imperfect. 

To remedy that Inperfection, I ſhall here ſhew how this 
Fqution (and conſequently any other) may be reſolv'd without 
ſuch Diviſian, or Reduction. | 


Let hb 2018. c = 125409. d = 2464230,25 
f= 35468307. And G =274183922,25 
Then the precedent Æquation will ſtand thus: 
— baaaa ＋ caaa — daa T fa = G 
___ Putr reg as before. | 


— br#— 4brrre — Gbrree = — bat 
Then will T cr3 + gerre + Zcree = ca 8 G 


— drr — 2dr6 — dee == — daa 
+ fr TF. = + fa 
This is plain and eaſily conceived. The next Thing will be, 


le divided by b, only ſo far as to determine how many Places of 
whole Numbers there will be in the Quotient; conſequently, how 
any Points there muſt be (according to the Height of the Æguation.) 


And from hence the Value of à may be found, as in the laſt 


tow to eſtimate the firſt Value of r; and, to perform that, let & 


— — 722 


This Work of reducing, or preparing Equations for a Solution by 


L Thus 5 = 2018) G = 274183922, 2501 30000 
| Soars 
7238, &c. 
int N 1 
% Now from hence one may as eaſily gueſs at the Value of r, as if 
201088" the Perm had been divided. That is, I ſuppoſe r = 10, 
„ich being involved, &c, as the Letters above direct, will be 


+ —20180000 


—— —— — — —— nan th ERP 
my . — 25 * - 7 
— — — ng ee 
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— 20880000 — 80720002 = 12108004 . 5 
(= 


+ 125409000 + 37622700e + 3762270 
— 246423025 — 4928460052 — 2464230, 25 ee 
e +0 


Fiz. 213499045 L 157344020 + 8/230 % fe) 15g 
Hence 157 3440 26 + 87239, See = 606948772 "74 
Conjequently, 180, 3e + ee = 695,72=D 
| 2 | 


| And -—— ==eg 
1 I80,3+-e 
Operation 180,3) 695,72 (3, e 
1. Diviſor = 183 146,72 Firſt r 10 
2. Diviſor = 184, o 128,80 ＋ e 3,7 


| | | &c. 1e = 13, r 
ſecond Operation, with which you may proceed, as in the lf 
Problem, and fo on to a third Operation, if Occaſion require ſuck 
Exactneſs. But this may be ſufficient to ſnew the Method of re- 
ſolving any adfected Aquation, without reducing it; which is not 
only very exact, but alſo very ready in Practice, as will fully ap 
pear in the laſt Chapter of this Part, concerning the Periphery and 
Arca of the Circle, &c. wherein you will find a farther Improve 
ment in the Numerical Solution of High &quations than hath hi 
therto been publiſh'd. 


CHAP. V. „ 
Practical Problems, and Rules for finding the Superficial 
Contents, or Area's of Rigbielin'd Figures. 


B Efore I proceed to the following Problems, it may be con 
venient to acquaint the Learner, that the Super fictes or Area 

any Hgure, whether it be Might. lin d or Circular, is campos d of 
made up of Squares, either greater or leſs, according to the different 
Meuſures by which the Dimenſions of the Figure are taken or mes 
ur'd, | . | 
, That is, if the Dimenſions are taken in Inches, the Area vi 
he compos'd of ſquare Inches; if the Dimenſions are taken | 

Feet, the Area will be compes'd of ſquare Feet ; if in Yards, tit 

Area will be ſquare Yards; and if the Dimenſions are taken by 

Poles or Perches, (as in Surveying of Land, &c.) then the an 

will be /quare Perches, &c. Theſe Things being underſtood 


ang 
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nth D efinitions in the 283 and 284 Pages well conſider'd, will 
jelp to render the following Aules very eaſy, 


PROBLEM I, 
14 find the Superficial Content, or Area of a Square; or of 
any Righi-angled Pazallelogram. 
Multiply the Length into its Breadth, and the Produdt will be 
le Area requir'd. (Ste Lemma 1, Page 302.) 


Example, Suppoſe the Line AB 
1 a the Breadth A C or BD *O ____ G B 


= 3 Yards, then AB X AC . 
—6X 3 = 18 will be the Num- *} | | | | 
her of ſquare Yards contain'd in the 5 
fra of the Parallelogram A B C D. 9 * 9 
This is ſo evident by the Figure only, that it needs no Demonſtra- 
lun. 

PROBLEM II. 


70 find the Area of any Oblique-angled Parallelogram, viz, 
either of a Rhombus or Rhomboidcs. 


Multiply the Length into its perpendicular Fleight (or 
Rule 1 Breadth) and the Product will be the Area requir d. 


That is, the Side I BNB P = the Area of the Rhombus 
430 D. For if BP be drawn per- 

joulicular to C D, and 4G be made 
parallel to B P, then will GC PD 
ad G P= CD. Conſequently A AGC 
=4BPD, and OD ABGP = Rhombus 
45 C D. But AB XB PS Q ABGP. ; 
Therefore AB X BP, or C DX BP = 

the Area of the Rhombus ABCD. 2 


Example, Suppoſe the Side AB = 23 Inches, and the Perpendi- 
alar B P == 17,5 Inches, (being the ſhorteſt or neareſt Diſtance le- 
Ween the two Sides, AB, and CD.) then AB X B P=23X 17,5 
=402,5 ſquare Inches, being the Area of the Rhombus required. 


The like may be done for any Rhombeides whoſe Length and per- 
fendicular Breadth is given. | 


XxX 2 P R O- 
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PROBLEM II 
To find the Superficial Content, or Area of any plain Triangle, 


Every plain Triangle is equal to half its circumſeribing Paral 
(41. e. I.) which affords the following Rule, 2 allelgran, 
T Multiply the Baſe of the given Triangle into half it. perpendicy. 
Rule Jl Height, or half the Baſe into the whole Perpendicul;r 
(and the Product will be the Area, "I 


Tphat is, B DNA CP, or 1 BDXCP= Area of 4 BCD, 
For AC = BP, AB= CP, A e 

and B C is common to both A Ag 1 . . uu F 
therefore a ABC=4 BCP, : „ 
and for the like Reaſons A C FD ; 3 
= A CPD. Therefore & ECP 5 8 
+ 4CPD S DAB C D. 
Conſequently 2 BD X CP, or B DX CP will be the Aw 
1 & the Bub BD ; . 
Example, Suppoſe the Baſe B D 32 Inches, and the I 

cular Height C P = 14 Inches, 9 COR” perpent 

Then 3 BDXCP=16X 14 = 224, Or BD X *(P 
32 x7 = 224, Or thus, 32 x 14 = 448, Then 2) 448 
(224 = the Area of the Triangle B C D in ſquare Inches, | 


PROBLEM IV. 
To find the Superficies, or Area of any Trapezium. 


Firſt, divide the given Trapezium into tt Triangles, by draw- 
ing a Diagonal from one of its acute Angles to the oppoſite Aut 
and let fall two Perpendiculars (from the other two Angles) upon the 
Diagonal, as in the following Figure, Then 
„ Multiply half the Diagonal into the Sum of the two Per- 
Kule pendicuersy or half the Sum of the Perpendicular: in 

\ the Diagonal, and the Product twill be the Area. 
That is, ZACX BP+ED. Or ACX3BP+3ED 
Area of the Trapezium A B C D. 


For the A A B C is Half its circumſeribing Parallelgram ; and 
the a ACD is alſo Half of its circumſcribing Parallelygram, as ba 
been prov'd at the laſt Problem. 

| ; Conſequenthy 


| gndicular E D — 14 Feet, Then 2 TITEL D 2ũ27ꝛ 2ũ2“ͤ5ͤV 999 „%%. 


, — 
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(mſequently, BP+EDX+AC,or 2 B 5 I EDN AC 
ail be the Area of the Trapezium, Mo. 
above. . e 


Fun Suppoſe the Diagonal 
pou 2 Feet, the Perpendicu- 
BP = 15 Feet, and the Per- 


9 7 
* » 
| ; "4 
- 


i 


z PE D = 29 Feet, and 
FED x AC = 29 X 16,5 e 
= 478,59, Or AC X 4 BP+iED= 33X5% 478,5. Or 
thus, 29 X 33 = 957. Then 2) 957 (478, 5 any of theſe 
pnducts are the Area of the Trapezium A B CD. | 


PROBLEM V. , 

To find the Superficial Content or Area of any irregular Polygon 
or many ſided Figure, which by ſome CW 
futhors is calld a Triangulate, becauſe B =" 
n I ſuppoſe) it muff be divided into 
Trangles, as in the annexed Figure 
ABCD FG; by which it is evident, 
that the Sum of the Area's of all thoſe 
Irangles, found as in the laſt Pro- 
tm, &c. will be the Area of their 
arcumſeribing Polygon. 

} PROBLEM VI. 
fund the Superficies, or Area of any regular Polygon, v1z. of 
an regular Pentagon, Yeragon, Peptagon, Octagon, Tc. 

C Multiply half the Sum of its Sides into the Radius f 
(neral Rule the inſcrib'd Circle, or half the ſaid Radius into the 
| Gun of the Sides, and the Product will be the Area 


required. : 


That Is, l G+GHHKo EA. XC P 


=the Area of the annexed Octagon; wherein it is evident, that its 
tra is compos'd of ſo many equal Tſoſceles Triangles as there are 
Number of Sides in the Polygon, viz. of eight Tſoſceles Triangles, vhoſe 
baſes are the Sides of the Ofagon, viz. AB = BD = DE, &c. 
Ard the Sides of thoſe Triangles, C A, C B, C D, &c. are the 
kadiug' of the circumſcribing Circle; and their perpendicular 
Heights, viz. PP, is the Radius of the inſcribed Circle, 
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the Sum of all their Area's will 
de CP into half the Sum of all 


But the Area of any one of thoſe W is T 4 X T. | 
by Problem 3. Conſequently | 


their Baſes, as above. | 
This, being equally evident in 


all regular Pohgons whatſoever, E. 
| makes the Rule general for find- to be 
ing their Areas. A Firſt 
Now, becauſe it is requir'd to =1 
have the Radius of the propos d l)) 
Polygons inſerit” d Circle, I ſhall t F 
here inſert (and demonſtrate) the 170, 
Propori ions that are between the | 0 
Sides of ſeveral regular Pohgons, and the Radius's both of their h- bus 
| ſcribd and. cir cumſcribing Circles; the one will help to delineate or f b. 
Project the Polygon (if * it) and the other will help to b 4 
find its Area. The 
Arte 

And Firſt, Of an | Equilatera Triangle 
The Side of any E gage: plain Triangle i is in Propertim ol ” 
the Radius of —_ - 
Circumſcribing Circle, 0,577.35027 &c. | 

e Circle, 5 1 ve &. 
_ Perpendicular Height, 0,80602540 &c, 
AB:C P:: 1,57 35m 8 
155 C G: 8 2 0, 28867513 7. 
AB: 46 1: nn . 

Demuntkration. : L 
a 5 Du 
Let AB = BD= 1, then will BG . 3 
—= GD= 0,5; but U AB — o BG R., <D! AG 
2 46 & by Theorem 11. That is, 1 „ by 7 
— 0,25 = 0,75 = U AG, conſe- H DF 
_ quently, /o, 75 2 o, 86602540 = AG: AD 
Then AG: AB:: AB: AH, by Theorem 13, that is, O, 8660254. bs 
x :: I: T,15470054 &c. = AHA, then 2 AH = 0,577 35027 = Wil © 
AC. Again, AG: DG:: DG: CG, that is, o, 8660254: o, 5 , 
o, 5: 0, 28867513 = CG. Q. E. D. For 


Now, by the. Help of the Fir/t of theſe Proportions, it will be 
eaſy to reſolve the following Problem. P R O- 
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PROBLEM VII. 
The * of any Equilateral plain Triangle being given, to fn 45 


Area. 


Frample , Suppoſe the Side of the propos'd Tring ABC 
to be 25 Inches, via. A B= BC==CA = 25 


Firſt 1: 0,866254:: 4 B=25: 21 650635 
= BP by Theorem 13. Then AP (= 

NF BP = the Area of N ABC by 6 > 
to Problem 3, that 1 is, 12,5 X 21, 650635 —= 
10,6329 the Area in ſquare Inches, 

Or this Problem may be otherwiſe reſold, 
ths: Let AP = AC, Then = 
43. But 0G AB—QAP=ABP. By Theorem 11. That 
5 4% — bb = 3 = Q BP. Conſequently, / 3 = BP. 
Tis y 36 = BP X 2 AC. viz, VIOX 38 the 
frea of the Triangle. 


Secondh, For a Pentagon. | 
The Side of any Pentagon is in Proportion to the Radius of 
 e Crircumſerthing Circle, 0,85065080 &c. 
| \ fer Circle, $46 Tov 0,08819096 &c. 
Perpendicular Height, 1,5 3884176 &C. 
4B: AC:: I: o, 85065080 | : 
[$4 Þ CH:: I: 0,68819096 
AB: AH: : 1: 1, 53884176 


Demonttration. 


Let AB = 1, And draw the 
Dugmals AD, A F, and DG, which 
vill be equal to one another. Then will 
4 DF +ADXGF = AF x DG 
by Theorem 19. Conſequently, ACN 
DF AFX DG: A DX GF, that is, UI AB = oO 4D: — 
x GF = 1 (becauſe AB = AG = DF, and AD = AF=DG) 
hence it will be AD -= 1 ,0180 3398, then OAD—-DOD H= 
04H by Theor. I I. But DH I AB, therefore / A- 0 AB 
A = 1,53884176. Again, AH: AD:: AD: AX = 240. 
tor A AHD and AQ ADX are alike, 


Ergo 


| 
| 
| 
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The Side of any regular Pentagon being given, to fond i its Area, 


AD > _— 
Ergo = = 2AC = T,701 30161, Hence AC= 0,85065080 MM 5 


But AH AC= CH= 0,68819096, &c. Q. E. b. 
From hence it will be eaſy to reſalve the following Problem, 


PROBLEM VIII. 


11 
Erample, Suppoſe the given Side to be 15 Inches long, 3 it 2 
will be, a3 1: 1,5 3884176 :: 15: —_— the fe pendeln 5 
Height; and by the general Rule 22,0826264 X 4 = = 165,619698 Ml 
5 Area — d. 
Thirdly, F. or an Octagon. ; 
The Side of any regular Ocagon is in Proportion to the Radius | $1 
© —— cribing Circle, 6 I : to 1, 30656296 &c, {eb 
als Circle, : to 1,207 10678 Sc. nd 
— * 4 CA:: I: 1, 30656296 
$24; : CP:: I: 1,20710678 Nh 
Demonſtration. 
Draw the Right-line DB, and I 
from the Point B let fall the Per- 
perpendicular B x upon the Diane- . 
ter D A. | 
Then will 4 DB A and A DxB! 
be Aike, by Theorem 1 10 and 12. Let 
Let b—= BA=1.a== CA = 7 
4 e and y == Bx Tiw 
Then] 112a:6::e:9. 'viz, DA: BA:: DB: : Bx t 
I «212 7 = = 
1 f 
2 * [ 5 S ce DB F 
But 4 = bb | 4 — 
4 X bb: Sa — 4agzy = mm 
23 p e i 5 ForC x Br Tha 
Sat and UI Cx + U Bx = 0) CB=ar 


5 of 
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5 617 abbaa — 20% =, 287 5 408 = 


55 
2 2 . anna — 2bbaa = — 4 30 

9 — 2/bag + b* —= bt — 24+ = 09 
$C 0 10. — bb N 404 


10+ IIIa = bb + ff 464 
u, [121a=4/: nee, &. — 2 
Then 131 aa — 4 _— CP, viz. OCH oO HP — C 


13 w 114 CE aa — 30h = = 1,207 10678 Ke. : CP. 

"Fro rom n hence wil b be e eaſy to find the Area of any Oe 
PROBLEM TIX, 

The vile of any regular Octagon being given, to find its Area. 


Example, Suppoſe the Side given to be 12 Inches long ; ; Firſty 
$1: 1,207 10678: : 12 : 14,48528136 = the Radius of its ln-- 


9 


nd 48 X 14,485 28136 = 69 5,29 35 the Arca required. 
| Fourthly, For a Detagon. 


The Side of any regular Decagon (viz. a Polygon of ten equal 
Sides) is m Sd np to the Radius of 7 1 


1 12 cribing Circle, as 1: to 1, 61803398 &c, 
Inſcribd Circle, as 1: to e ke. 

BA: CA:: 1: 161803398 . 

BA: CP: : 1: 1,5 3884176 

Demonſtration, 

1 12 B12 1. 3a 4 
c= DB, "and j = Bs. 


ns —ͤ——é— :.;:! — — — 


Then gf 0:63 
That is, DA: BA. DB: Bæ 
| 2ay = be 


I. 


LES * 
But 325: :: 11 61803398. See Pentagon, 
Ie be Ie 
} 4 — — 27 —— — — 
1 7551 50330 a a 


1,0180332958 =ma=CA 

aa — b = (1 CP. 
1 90 80 CF -P UP. By Theorem 11. 
71/2, b1803398—0,25= 1,53884176 =CP 


= —_ 8 _ — I — — — 


1 e 


4 Ie 5 
Agen 6 i 
That! 18 


42 


crib'd Circle; then 12 X 4 = 48 is half the Sum of its Sides, 


1: 1,53884176: : 14: 21,543784 = the Radius of the inſcribd 


 ITethb=BA=1. a= CA as before 


And ezxA; then a — e CX 


„ N 2 72 ſb —Laa= 2ae 
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PROBLEM X. 
De Side of any regular Decagon being given, to find its Ares, 


Example, Let the given Side be 14 Inches long; then, 2 


Circle; and 14 X 5 = 70 is half the Sum of its Sides. Lalty, 
21.543784 X 70 = 1508,06488 the Area required, 


Fifthly, For a TL 'vecagon, 

The Side of any regular Dodecagon (viz. a Polygon of thy! 
equal Sides) is in Proportion to the Radius of : 

, Circumſcribing Circle, as 1: to 18655505 &c. 
its J Field Circle, as 1: to 1, 86632012, &c, 
Vie. BA: (A:: 1: 1,03185165 | 
WBA:CP:. 1: 1,66032012 


Demonſtration. 


———— .—. 4 
—ẽ — — ñp—— ͥ ́ 


1 Bx See 
TOR: I By Figure, | L 
But] 2] Bx A= fi 
| ( ( 


I, 3} 4 aa ee er 
—— 
4+ 5 vV bb— aa = ee the 


Again] 614 — 4 aa = aa — 2ae -+ ee 


ix. CB — O Bx S CX 


4 = 7, %%% e e 
FE 8| gjaa—Laa=aa+bb — 4 aa — 24 | — e 

9 + 102 N — a = b i 
10 G 11 4% — ga =b+ by 
1 12 [aaaa — 400aa = — + | | . 
135 C DIZ. aaa — 4bbaa + 4bt = 3} = 3 . 

T w 14% — 2bb== 43 = 1, 7320508075 1 

+ ＋ 2bb IySlaa = 265 =P x3 = 3,7320508075 1 
15 w* 16% — Ng. 320508075 = 1,93185165=C4 50 
Again 17 aa —b=QCP. viz. U CF— N PF= och * 

7, Hence 18 CP = a 4 bb = 1, 86632012 Q. E. A * 


— 


Ca- 


ye 


= 


| 


=D 
. 


Lag > 
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Conſectary. 


Hence, if the Side of any regular Dodecagon be given, the Ra- 
Jus of its inſcribd Circle may be eaſily obtain'd, and thence the 
ſr found 3 as in the laſt Problem. 


The Work of the *foregoing Pohgons, being well conſider'd, 


gill help the young Geometer to raiſe the like Proportions for others, 


his Curiofity requires them: And not only ſo, but they will 
lo help to form a true Idea of a Circle's Periphery and Area, ac- 


cording to the Method which I ſhall lay down in the next Chapter 


CHAP. VI 


{new and eaſy Method of finding the Circle's Periphery 
ond Area to any afſign'd Exactneſs (or Number of Figures) 
by one Aquation only. Alſo a new and facile Way of 
naking Natural Signs and Tangents. 


— 


LI Tus ſuppoſe ( what is very eaſy to conceive) the Circle's Area 


to be compos'd or made up of a vaſt Number of plain Jjo- 


ſes Triangles, having their acute/? Angles all meeting in the Cir- 
ces Center. And let us imagine the Baſes of thoſe Trangles ſo 
very ſmall, that their Sides and their Perpendicular, Heights, viz. 
the Radius's of their circumſcrib'd and infcrib'd Circles (vide Pro- 
lem 6.) may become ſo very near in Length to each other, as 
that they may be taken one for another without any ſenſible Er- 
ror: Then will the Peripheries of their circumſcribing and inſerib- 
ei Circles become (alths* not coincident, yet) fo very near to each 
other, as that either of them may be indifterently taken for one and 
tte ſame Circle. | 
But how to find out the Sides of a Polygon (viz. the Baſes of 
le Iofſceles Triangles) to ſuch a convenient Smallneſs as may 
be neceflary to determine and ſettle the Proportion betwixt a Cir- 
ces Diameter and its Periphery (to any aſſignd Exattneſs) hath 
hitherto been a Work which requir'd great Care and much Time 
in is Performance ; as may eaſily be conceiv'd from the Nature 
of the Method us'd by all thoſe who have made any conſiderable 
Progreſs in it, viz, Archimedes, Snellius, Hugenius, Matius, 
Van Culen, &c. Theſe procceded with the biſecting of an Arch, 
and found the Value of its Chord to a convenient Number of Fi- 


1 gures 
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( 
ures at every ſingle Biſection, repeating their Opera, = 4 
857 had nbd res to the Chord And. | 88 n A 
And this Method is made choice of by the learned Dr. al | 
in his Treatiſe of Algebra ; wherein, after he hath given us l | F 
large Account of the different Enquiries made by ſeveral (ver | ; 
eminent in Mathematical Sciences) in order to find out ſome nk 
and more expeditious Way of approaching to the Circle's Periple. 
ry, as in Chap. 82, 84, 85, 86, and ſeveral other Places, he come 1 
to this Reſult, {Page 321.) : | 0 
« *Tis true, ſaith he, we might in like Manner proceed by con. Wl ;; 
& tinual Triſection, Quinquiſection, or other Section, if we bad! Wi 
« for theſe as convenient Methods of Operation as we have ſor 
* BiſeCtion : But becauſe Euclid ſhews how to biſe& an Ar 
« Geometrically, but not to triſect, &c. and the one may he U 
<« done ( Algebraically) by reſolving a Quadratick Xquation, but 
not thoſe other, without Æquations of a higher Compoſition, [ 
therefore make Choice of a continual Biſection, &c. 7 
And then he lays down theſe following Canons.” 
The Subtenſe of 8 | | into 6 1 
| . „ | OR 4/ *2—,/3into 12 ; 
of 24 4 2— % 2 ＋ c&c. 24 
of 2} V 2— % : 2+v:2+y/] 4 
: of = | . 90 
X wy :2—y:2+4/:i2+y:2+4/:2Þy 8 199 
OO ft 2/32 vc2tvi 2+ 4y/:2+y:2+4/3 3 * 
wi NTV TN EN 2 22 76 
| - _ &C, : 1 <8 
Hmw tedious and troubleſome the Work of theſe complicated Extractio 
is, I leave to the Conſideration of thoſe, who either have had Experiend 
therein, or out of Curiefity will give themſelves the Trouble of maki n | N 
WY | | 
Again, in Page 347, the Doctor inſerts a particular Meth 
propos'd by Libnitius, publiſh'd in the Aa Eruditorum at Leip- 
for the Month of February 1682, in order to find the Circles A 
and conſequently its Periphery, which is this: — 
As 1: te . — TH- -- ve 
infinitely : : ſo is the Square of the Diameter to the Circles 4:4 
But this convergeth ſo very ſlowly, that it is not worth the II [ 
to purſue it, | | TO 1 6 
I ſhall here propoſe a new Method of my own, whereby 01 6 


Circle's Periphery, and conſequently its Area, may be _ 
1 oh Eng ed infinite 


—— — 
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"finitely near the Truth, with much greater Eaſe and Ex tion 
tian either that of Biſection, or that of Libnitius, as 1 any 
ather Method that I have yet ſeen; it being perform'd by reſolving 
only one Æguation, deduced by an eaſy Proceſs from the Property 
of 2 Circle, (#nown to every Cooper) which is this: | | 


The Radius of every Circle is equal to the Chord of one ſixth Part of 
1 Periphery. That is, AD = DH = HG, the Chords of one 
tird Part of the Semicircle, are each equal to AF its Radius. Then, 
the Arch AD be triſected, it Tg 


pill be AB = BZ = ZD. 7 


4 AD == 1 | 
(a= AB. Quære 2. 


3 Fe — AF=1 


EY 44 
2 Cs SS 
And R:a:: F 


That is, | 3] FB: BZ: : Fe: ex = A D — 2g 


Again, To triſect the Arch whereof y is the 


For, AAB, and A B Ae, are alike. 
And AB = Ae = Dx, &c. 
1 | 4] Re—2RamRam—= 
1X &c, 5 | 3R*a—aaa —RRc. That is, 34—aaa=r, 
Here @ = the Chord of 2g Part of the Circle. 
EE For 40 „ 
Next, Ts triſect the Arch A B. 
Let] 1] 2y — Sa the laſt Chord. 
10 | 2127) — 27% N - a 
[Xn e * 
3 2] 4] —33 + 27 —& F) = 34 —- 4 1 
1 Here y = the Chord of r Part of the Circle. 


— 
þ 9 22 


Chord. 


Let] 1134 — 45 = 
16 227 — 276 + qa —@ = / 


4.07 
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I G | | 4 — $1034? + 51030" — 28350" 3 


94547 = 


- | 1968 249 — at 87 22043 — 
3 - 5 4 612309" i, 77 8 
1 X 9] 627 — 9 . 
W * 101 brow? — 81045 + 270 —3oag = 3593 
7 6856145 — 1093547 + 72004? — 242mm 
N 371 © 1 by 7 1 7 +3 
a ys 13 34 — 45027 + 45½% — 
* 2551 % + 850 = gy? 
6 = 7 1274 — 819 + 737145 — 308889". / 
＋8—9 g 10 3 729304? — 1074064" + (Ii 
+ 5 1046524 — 69768 0 ; 
2 Here @ = the Chord of = Part of the Circle. 


— —— 


* Proceeding on in this Method of continually triſecting the 
Arch of every new Chord and ſtill connecting the produced qua- 
tions into one, as in the 7 laft Triſections, *twill not be difficult 
to obtain the Chord of any aſſign'd Arch, how ſmall ſoever it be. 

Now, in order to facilitate the Work of raiſing theſe Fquatims 
to any conſiderable Height, *twill be convenient to add a few uſe. 
|| ful Obſervations coneerning their Nature, and of ſuch Contracti. 
| ons as may be ſafely made in them; which, being well under 
l ſtood, will render the Work very eaſy. | 

| 1. I have obſerv d, that every Triſection will gain or advance ont 
Figure m the Circle's Periphery, but no more. Therefore ſo many 

Places of Figures as are at firſt deſign'd to be perfect in the.Peripheryg 
5 many Triſections muſt be repeated to raiſe an Fquation that wil 
1 produce a Chord anfwerable to that Deſign. "Mm 


2. I have alſo found, that all the ſuperior Powers (of a) whit 
Indices are greater than the Number of Triſections, (viz. whiſe Ia 
= ces are greater than the Number of defign'd Figures) may be wholly 

jected as imfignificant, | 


. When once the Number of Triſections and then . 
biekf Power (of a) is determin d, the third Proceſs (vis. l 
third Triſe&tion) may be made a fix'd or conſtant Canon; far by i 
and Multiplication only, all the ſucceeding Triſections (how man 
ſoever they are ) may be compleated without repeating the feveral Involutt 


ons, 


22 


— — 
22 * I ec. 


[ f 44 


7 raiſing and collecting the Co-efficients of the ſeveral Powers 
a) ill be ſufficient to retain only ſo many ſignificant Figures (at 
p) as there is deſign d to be Places of Figures in the Periphery (or at 
mit but two more and every ſucceeding ſuperior Power may be al- 
4 to decreaſe two Places 4 figmficant Figures: But herein great 
(rt muſt be taken to ſupply the Places, of thoſe Figures that are omit- 
iu, with Cyphers, that ſo the whole and exact Number of Places may 
ruh adjuſted 3 otherwiſe all the Work will be erroneous, 
New the Number of thoſe ſupplying Cypher s may be very conveniently 
Imted by Figures placed within a Parentheſis, thus 576 (8) a, 
my ſignify $7600090000a?, as in the following Æquations. 
li may be done with Decimal Parts, thus: (,7)658 may ſignify 
500000658 &c. which will be found very uſeful in the Solution of 
tre and the lite Aguations, 


ſperior Powers of a, which are rejected; as alſo thoſe Numbers 


* that are omitted in the Co-eficients (and ſupply'd with Cyphers) 
* would produce Figures ſo very remote from Unity, as that they 
be would not affect the Chord deſign'd; that is, they would not affect 


the Chord in that Place wherein the deſign'd Periphery is concern- 
el; as will in Part appear in the following Example. 

[f theſe Directions be carefully minded, *twill be eaſy to raiſe an 
Fquation that will produce the Side of a regular Polygon, whoſe 
Number of Sides ſhall be vaſtly numerous, conſequently infinitely 
ſmall; But, I preſume, *twill be ſufficient for an Example to find 
the Side of a Polygon conſiſting of 258280326 equal Sides; that is, 


nd that requires but /zxteen Jviſections, which being order'd, as before 
duected, will produce this Æquation. . 


4304672 14—332 3601794869686 12(4)aꝛ2 | 
9995983755 3199714020) 45 84912185 328410354 _ 
L ee dense 8 
76830988079 —1 50 


Here the Value of a will have 23 Places of Figures true; that 
v the Sides of the inſcribd and circumſcrib'd Polygons will be exact- 
the ſame to 23 Places of Decimal Parts, but no farther ; all 
wich may be eaſily obtain'd at 2 Operations. And for the firſt, 


vil admit of being yet farther contracted, thus: 


* 
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The aforeſaid Contractions may be ſafely made, becauſe both the 


if I find the Chord of 557555055 Part of the Circless Periphery, 
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will be ſufficient to take only three Terms of the Æguation, which 
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0 
Let J 4304½ 2143323601 012 \ __ Ar 
Legler — 5 CE tus 
And let r +e = 4; then rejecting all the Powers of e, that arif | 
by Involution above eee, | ee 
it will be 73 Zrre ＋ gree ＋ eee = ada cre 
Andes ＋ Se ＋ 1orieve+ Iorreee = as uin 
Then the firſt ſingle Value of r may be thus found: 
43046721) 1,00000000 (, ooo | 1 
This, ooo =r being duly involv'd, and its Powers mul F 
tiply'd into their reſpective Co-efficrents, will produce 1 
| 1 ,860934414-43046721- | | E 
—,02658881 — 3988 322e—19941 ge. Th 
_ +,000246354+ 615872 + 6159(9)e + 308018 C70 
viz, ,83459190+-39119986e — 193257(9)9—3oI6(18)e f 
Hence 39119986e — 193257 (9) 3016 (18) ee o, 165 40804 1 
1 
All the Termi of this laſt Æguation being divided by 19325700] by 
the Co-effictent of ee, it will then become | 
,00000020242#--ee--156(5 )eee =,0000000000000008558968=1) 
; 0 1 D-+156 (5) ee _ | 
Conſequently, ,0000002024—e 
Operation. 8 VU 
' ,0000002024) ,00000000000000085 58968 (,000000004 = 
— e yO00000004.3 5 >0000000000000000009984 = 156 (5) e 
1 Di. ,000000198) | ,00000000000000085 68952 (,000000004327 
2 Di., oooooo 1981 | 792 | . 
| 6489 in 
5943 
p 5 5465 
Firſt + = ,00000002 3962 
+ «= ,000000004 327 | Se. Oy 
r + e = ,000000024.327 = a. Or rather newer for a ſecond 7 
| Operation. 


Now, if this firſt Value of a = ,000000024. 327 were nat contmu 

ed to more Places of Figures by a ſecond Operation, but only multiph's 

into the Number of Chords, viz. ,000000024327 X 258280326 
= 6, 28318539, &c. the Periphery of that Circle whoſe Diameter i 


2, nearer than either Archimedes, or Mcotius's Proportion: a 
3 5 * 


rr e e . —— Is ee ED 


ap. 6. Of the Circle's Periphery, &c. 353 
Archimedes makes it 6, 285714 &c. viz, As 7 to 22. And Moe- 
rus makes it 6,28318584 &c. viz. As 113 to 355, 

Put if the whole Æquation before propos'd be now taken, and 
we proceed to a ſecond Operation, the Value of a may be en- 
cles d with twelve Places of Figures more, and thoſe may be ob- 
ind by plain Diviſion only. | 


Tha, Jet 1-5-0 e defote, and let all the Powers of e be 
ow rejected as inſignificant ; 


| 4s ＋ ea C7? ＋ ore == a? 
Then will AT FEE and 2 THT a” 
75 ＋ 5grie Saß 13 + 137 = a. 


17 re = ar 75 + 157% = a5 


The ſeveral Powers of 7 = ,090000924327 being rais'd, and 
nutply'd into their reſpective Co-efficients, will produce theſe fol- 
hing Numbers, — 


+1,047197581767 /. 430467212) 
— ,047849190598394865 — 59007 515 
+ ,000655900484595355 + 1348100 
+ 


— ,000004281440413375 — 1232% — | 
,000000016302517863 + bei 

— ,000000000040631107 — Oe | 

＋ ,00000000000007 1388 + oe 


— ,000000000000000093 — oe 


" OG 
PEE 


2 


a. 1, 000000264747 45 106 372795 54 =1 
lence 372795 54e = —,000000026474745106 =D: Or ra- 


ber — 37279554 = ,000000026474745106 =D 
Conſequently, . 


Qeration, | 
72795 54) ,000000026474745106( (,15)7 10167967 =— g 
OT 260956878 


— 


L 37279554 © 


37905730 
37279554 
62617660 
37279554 


——— U—a—P——T— 


&. 
1 Laſt 
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—— 


Laſt r = ,000000024327 
— te == 4,0000000000000007 10167967 


— — —— — 


2 ,000000024326999289832033 = a the Chy 
Side of the Polygon required, * bud or 


The next Work will be to examine how many Places of theſe | 
Figures will hold true to the Circles Periphery In order ol > 
that let a be repreſented by the Chord Bb, in the aner nu. 
Sn and let Bx xb. Then will ; a 

* == (7) 121634996449 16016 | 
and U BR oO 12 = 8 oh. N „„ A 
Let the Radius BC =1 as before, E 2 
Then will the UBC BK = Cx N 5 2 
== ,9999999999999999, &c. | / ley 
But C : C A1 1 : 0 
er Cr 33. 61: D fer Nx. . EL 
Ergo Dd -(,7)243209992898 320354 | + 
the Side of the Circumſcribing Polygon. \:/ 
Then will a X 258280326 be the fe. (& 4 
rimeter of the Inſcribd Polygm, And | 65 
D 4d x 258280326 will be the Perimeter of the Circumſcrili Ml © 
gm. That is, 6,2831853071795859 == the Perimeter of th 1 
Tnſcribd Polygm, And, 6,2831853071795865 = the Perimet Pr 
of the Circumſcribd Polygon. | 2 

ET © 14 ,. 

Hence tis evident, that the Circle's Periphery, whoſe Diameter in 
2, may be concluded 6, 28 3185 30 1795864 true, becauſe thi + 
Perimeters of the inſcrib'd and circumſcrib'd Polygons ace ſo far ver le 
near being Co- incident, or the ſame, | is 

Tis poſſible there may be ſome who will think this is tediou 90 
and troubleſome Work; but if thoſe pleaſe to conſider, that,! 1 
this Periphery were to be found by the aforeſaid Method of Biſeciu N 
it would require theſe following Extractions. mA 
UI 

| J: 2 —j: 2+ :2+y:2+q{: 2+: 244: 2 
+ :2 +4: 2+: 2＋ : 2+4/: 2+: 2+) Wi 

Viz. 4 + 9 2 ＋ : 2+q : 2-+4/ : 2+y 2＋ : 2bwl fend; 
＋ J:2+y :2+{:2+4 : 2+ : 2+ : 3 mig co 

plyd into 402809984. To, k 

| Here the firſt Root (viz, / 3 muſt be extracted at leal 1 


one hundred and two Places of Figures, The ſecond Ro 
ot 
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6. „ : 2 + e) muſt have 99 Places of Figures in it. The 
wird Root (Viz. V: 2 + V 3:2 + / 3) muſt have 96 Places in 
i, Cc. every Extraction being allow'd to decreaſe three Places, that 
@ the laſt Root (Viz. the Chord ſought) may conſiſt of 24 Places of 
Figures, as above, | | | | 

[ fay, whoever duly conſiders the Trouble of theſe ſo often 
repeated Extractiůons will, I preſume, be pleas'd with what TI 
we done. For truly, when I conſider the great Time and Care 
quired in them, I cannot but admire at the Patience of the la- 
wrious Van Culen, who proceeded that Way until he had found 
the Circles Periphery to Thirty-fix Places of Figures, to wit, 
6283185 30717958047092528676655900576. Theſe Numbers 
i: ſaid to be engraven upen his Tomb Stone in St. Peter's Church in 
Leyden, for a Memorial of ſo great a Mort. 


Having thus obtain'd the Circle's Periphery, its Arch may eaſily 
ke found (to the ſame Number of Figures) by Problem 6. That is, 
if Half the Periphery of any Circle be multiply d into Half its Diame- 
tr, the Product will be that Circles Area, as will appear farther 
mn. Therefore 3, 141 592653589793 will be the Area of the 


Circle whoſe Diameter 1s 2. 


or 


Thus I have ſhew'd the young Geometer how to find the Circle's 
P:rphery and Area to what Exactneſs he pleaſes to approach; for 
pecifely true it cannot be found, notwithſtanding the late Pre- 
tnjms of a certain Frenchman who hath publiſh'd to the World 
(in the Works of the Learned) that after twenty-five Years Study 
te had found the Quadrature of the Circle But if he had perus'd 


1 the 83d Chapter of Dr. Walliss Algebra, he might there have ſeen 

Is Error, viz, the Impoſſibility of what he pretended to; for it is as 
tid poſſible to ſquare the Circle (that is, to find its true Area) as it is to 
1. nd the Root of a Surd Number. | ” 
Aut Mie, What J have here propos'd and done by the Triſection of 

mArch, may as eaſily and much more ſpeedily be perſorm'd by 

Uinqueſection or Septiſection, c. But becauſe the Scheme for 
\ ' WW {fiction is more ſimple, and may be eaſier underſtood by a 
„ner than thoſe of the other Sections (of which fee my tem- 
v7 aum of Algebra, Pages 76 and 79) I have for that Reaſon made 
mut Choice of Triſection. | 


e | 
As to the Proportion of one Circle to another, and of the Cir- 
to the Ellipſis, &c. thoſe ſhall be fully ſhew'd when we come to 


lis fifth Part | + 
S323 Before 


— . . ED ne by oe nets 8 
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Before I conclude this Part, I ſhall make ſome Uſe or 450% 
cation of the above-found Periphery, in finding the 8 
Angles, which is done by the Help of Right-lines, calbd Sins; and 
Tongents, the Length whereof are calculated to every Degree and 
Minute of a Quadrant, by much Labour. But I ſhall here {hey 
how to find the natural Sine (and conſequently the natural Tangent 
of any propos'd Arch or Angle, by two Aquations, without the Hely 
of any precedent Sine, as uſual ; which I did ſome Years ago com. 
municate to the ingenious Mr, Jeſeph Ralphſon, and he ſo well Ay 


. prov'd of them as to make them the 20th and 2 1ſt Problems in the 


fecond Edition of his Analyſis. Aquationum Iniverſalis. 


And becauſe, in finding the Quantity of Angles, every Circh is 
ſuppos'd to be divided into 360 equal Parts, called Degrees; every 


Degree is ſubdrvided into 60 Parts, calld Minutes; and every Alf 
nute into 60 Seconds, &c. (See Page 294.) 


Therefore 360) 6, 2831853 &c. (o, 0745 32025 &c. iz an 


Arch of the above- found Priphery, equal to the Arch of one Degree 
And 60) 0,0174532925 &c. (0,0002908882 &c. = th 


Arch of one Minute, 


Then if the given Arch (or Angle) be leſs than 45 DerrcsM 


reduce it into Minutes, and multiply thoſe Minutes into this con 
ſtant Multiplicator, viz. 0,0002908882 calling the Product p. Aue 


for the Sine ſought puta. Then it will be — aaa + 12paan 4 


195% — 36ppaa - 240% = 45pþ. = 
| Faample. 

Let it be required to find the Sine of 19? * 13 == 1153, Hen 
0,0002908882 X 1153 = 0,3353940946 =p, And — at - 
4,02472943 — 199,049611aa + 80, 4945834 --5,06201 394. 

| Let Fe 
rr I 2re + = aa 
'Then Joe ＋ 3rre + ee == aaa 
Errrr + 4rrre + Grree == aaaa 


Note, In this Cafe the firſt er may always be taken equal ta the fi 


Figure in the Product =p. Viz. here r == 0, 3 which being mol 


e as its Powers direct, and thiſe Powers multipiy'd into the reſrectil 


Co-efficients of the Ægquation; it will be 
＋ 24,1483 + 80,499 0 
— 17,9144 — 119,43e — 199,5 © ___ | 
＋ 0,1086+ 1,088 + 3, 62e 6 © 506201394 
— , 081 — o, 11e — O, 54e 


mt —— —— —ũ—ö ——— — . - 


i. 6,3344— 37707 — 195,978 = 5,06201 


Henc{ 


ent) 


ow 


far up, 6 6. "of the Circle 8 Periphery; Nc. 3 57 


— Hence 37,972 + 195,972e — 1,27 239 
And O, 12 3e 3 de 82 e =D 


nd m 
nd Theore Ir. 3 ＋ * 
* Operation, O, 193) 0,006492 (0,029 S e 
ly e . 029 42 
any 1. Diuiſor 21 2292 
ape C 1998 
the | 2, Droiſor 4222 
wt? = O33 
'o 1 — 4 —= Ke 


; + e = 0,329 = r for a ſecond Operation. 


Which being involbd and multiply'd, &c. as before, will pro» 
lice theſe Numbers, 


725, 48271781 + 80, 4945 8e 

221,45 32894 — 130, 97404 — 190, 496% 

1. , 14332578 + 1, 306920 + 3,9724 e 

— = „01171611 — _0,14244e — 0,5494 
a 5500899854 — 49, 31558 — — 195, 266ee = 5,062 201394 


Hence 49,315 5Be ＋ 195, 266 = ,0069846 ; which being 
ned by 195,7 266 the Co-efficient of ee, Will become 55 19e 
* = 20000350854 = =D 


Hen Then 12 = 
at ] 225 I90-Fe n 
” ration. O, 25 196) 40000256854 (0,0001415 e 
+2? = 0,000I4 2520 

Dr 0,2520 104854 
j f þ Drozfor 0, 25210 100840 
2 40140 
oecd 25210 

Laſt r = 0,329 e. 
e = 0,0001415 


tema = 0,329 1415 being the natural Sine of 90.13“ 


was required. 


Thus you may find the "Ou Sine of any Arch or Angle lef: than 
) Ceprees, 


Hen But 


Py 
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But, if the given Arch be greater than 45 Degrees, OY 
take its Complement to go*.. viz. ſubtract it from 90 P- 2 
and reduce the Remainder into Minutes, as before, Then 1 
the Square of theſe Minutes into this conſtant Multi , 755 
©,000000084616 calling their Product p, and putting 4 a 
Sine ſought, as before. Then will at + 2823 + 195ag +6 * 
＋ 10854 — 28a =196 — 815 


Example. 


Suppoſe it were required to find the Sine of 759. 32“. or (yh; 

18 ribs Thing) to find the Co- ſine of 14. we 2 FN 
Square 753424 X 0,000000084616== 0,06375172518 = 
Hence the Equation in Numbers will be aaaa + 2844 $ 
197, 295062 — 21,1148144 = 199,8361102588, | 


Let Pam 6 = 0 And r = i 
e 2re + ee = aaa = 

Then & rr7 — grre + gree — aaa | 
rrrr — 4rrre + Grree == aaaa 
Note, I here 4 r I becauſe the Arch is ſo near to 900, an $ 
therefore I make it r —=e =a, | F 
8 ak ulua 

— 21,1148 ＋ 21,11 7 
+ 197, 2956 — 394, 59 + 197,290 C _ 
5 28,0000 — 84,00 + gc, ooee 19085 : 
＋ 1,0000 — 4,00e + 6, ooee : 
Viz. 205,1808 — 461,48e + 287,29 = 1908361 hi: 
Hence 461, 48e — 287,292 = 14,3447 FD 
And 1, 606 — ee = ,049930 = D But 
4 _ Na 
| Theo Fon 1 1,000 — g fur 
Operation. 1,606) ,049930 (0,031 = e 05 
| 1 e — 0,031 | 471" : | gt 
x. Diviſar 1,57 5 2830 . Firſt r = 1,000 ath 
3 1575 — S 0,03. be. 
2, Diviſer 1,575 1e 0,969 = WM. 
&c. | the 
The 


for a ſecond Operation; which, being invek'd as before, will pr 
duce theſe following Numbers, = | 


— | 
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£0 —20,4602547 66 + 21,114861e 
+185,252.3007 10— 382,25783e + 197.2051 
+ 25,4 5889852— 78,87272e + 81,5960 
. 0,8816477 59— 3253941. + 26337 er 
7 191,149651515— 44375515 + 284, 52487 
21905836 10259 

Hence it will be 443,755 156 — 284, 52485 = , 3135412 590 
And 1, 559636 —ee , O0 11019821 =D 


R D 

Then 4 1,55903—e 

(tration. 1,55963) 0,0011019821 (0,0007068 = 

—e = o, o 109123 

1. Drviſor 1, 5589 1075210 

Def 1,5589 935358 
1398520 


1247144 &c. 


Laſt r = 0000 
2 0,0007068 


ft =a= 0,968 2932 the Sine of mY 32' . as was required, 


Having found the Sine and Co-ſime of any Arch, the Tangent i is 
uſually found by this Proportion; 


7 42 the Cof fine of any Arch : is to the Sine of that cb: % b 
the Radius: to the Ta ngent of the ſame Arch. 


For ſuppoſing BC = B D Radius, A C the Sme of the Arch 

D. Then B A is the Cee. and | b 
{D the Tangent of the ſame Arch. 8 
u B A: CA:: BD: FD, &. Ps. 


Now by this Proportion chere! is re- 

fred to be given both the Sine and " 
(ſme of the Arch, to find the Tan- 

fmt, Tis true, if the Radius, me 
ther the Sine or the Co- // ne be given, b AP 
tte other may be found, thus, / Q 7 C4 =Þ A. Or 


-E C A. But, if either the Sine or Co: ſine be given, 


i ng my (I preſume) be more eaſily found by the following 


Let 


760 Tlaments of Geomerey br 


Let the Sine of 90%. 13. (before found) be given, viz. 0,3201410 
, to find 7 the Tangent of the ſame Arch, Firſt o, 329 1415 


plain Triangles by the Pen only (viz. without the Help of Tables) fo 
the Subject of my Diſcourſe hereafter, if Health and Time permit. 


I may juſtly claim as my own. 


Let BC =I. CA=8. BA=x and FDS Ten 
8 be given, T may be found by this n, 


Theorem 5 / 


Or if & be given, T may be found by this 


Theorem J VT 7 


3291415 = , 108334127 = 88. Again 1 — 0, 10833412 
= 0,89166587 3 = 1 — $6, Then 0,89166587 3) Sch 
(0, 1214963253 and , 1214963253 = , 3485632 - T, th 

angent, of 19 13. As was required. And fo you may proceet 
to Fnd T= the Tangent, when x — the Co-fine is given. 


Perhaps it may here be expected, that I ſhould have ſhew'd and 
demonſtrated (or at leaſt have inſerted) the Proportions from whenct 
the foregoing Aquations for making Sines were produced; but I hav 
omitted that, as alſo their U/e in computing the Sides and Angles e 


In the mean Time, what is here done may ſuffice to ſhew, tha 
the making of Sines by ſuch a laborious and operoſe Way, as w 
formerly uſed, is in a great Meaſure overcome; which, I think 


, ” - 
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 Defmitions of a Cone, and its Sections. 


HE RE are ſeveral Definitions given of a Cone: The 
Learned Dr. Barrow, upon Euclid, hath it thus: | 
A Cone (ſaith he) is a Figure made when one Side of 
4 Rectangled Triangle, (viz. one of thoſe Sides that contain the 
fight Angle) remaining fix'd, the Triangle is turn'd round 
„bout, till it return to the Place from whence it firſt mov'd: 
And if the fix d Right Line be equal to the other which con- 
 taineth the Right Angle, then the Cone is a Rectangled Cone; 
but if it be leſs, tis an Obtuſe-angled Cone; if greater, an 
Acute-angled Cone. The Axis of a Cone is that fix'd Line 
* about which the Triangle is mov'd: The Baſe of a Cone is the 
Circle, which is deſcrib'd by the Right Line mov'd about.” 

* (Defin: 18, 19, 20. Euclid. 13.) 

dr Jonas Moor, in his Treatiſe of Conical Sections (taken out 
the Works of Mydorgius) defines it thus | 

fa Line of ſuch a Length as ſhall be needful ſhall, upon a 
point fix d above the Plain of a Circle, ſo move about the Cir- 
cle, until it return to the Point from whence the Motion be- 
„gan, the Superficies that is made by ſuch a Line is call'd a Co- 
* ca Super fies; and the ſolid Figure contain'd within that Su- 
* perficies and the Circle is call'd a Cone, The Point remaining 
fill i the Vertex of the Cone, Ec.” 


Az 2 -.-Altho? 


_—— 


8 


| 
| 
| 
| 
| 
| 


with the Plain of its Baſe, may be properly 


ly call'd a Scalene, or Oblique Cone. 


hereafter call Right Lines) into five Sections. 


362 Conick Sections Pat I. 
Altho' both theſe Definitions are equally true, and, with 2 If 
tle Conſideration, may be pretty eaſily underſtood ; yet J ſhal here! 
propoſe one very different from either of them; and, as J preſume. 
I} 


more plain and intelligible, eſpecially to a Learner, 
If a Circle deſerib'd upon ſtiff Paper (or any other pliable Mat 


ter) of what Bigneſs you pleaſe, be cut into uw, three, or more | 
Sectors, either equal or unequal, and one of thoſe Sectors be ſo ( 
roll'd up, as that the Radu may exactly meet each other, it , 
will form a Conical Super fictes. | k 
That is, if the Sector HG be 
cut out of the Circle, and ſo roll'd 
up as that the Radu Y H and 
V G may juſt meet each other in all , 
their Parts, it willform a Cone, and of 
the Center Y will become a Solid q 
Point, call'd the VERTEX of the 1 
Cone; the Radius VH, being every in 
| where equal, will be the Side of | 
the Cone, and the Arch HG will 
become a Circle, whoſe Area is 
call'd the Cone's Baſe, | 'F 
A Right Line being ſuppos d to paſs 
from the Vertex, or Point J, to the Cen- 
ter of the Cone's Baſe, as at C, that Line 
(viz. VC) will be the AXIS, or perpen- 
dicular Height of the Cone. 1 
If a Solid be exactly made in ſuch a An 
Form, it will be a compleat or perfect _ 
Conez which Iſhall all- along call Right * 
Cone, becauſe its Axis T ſtands at Right 77 
Angles with the Plain of its Baſe HG, 


and its Sides are every where equal. 
Any Cone, whoſe Axis is not at Right Angles 
call'd an inperfect Cone, becauſe its Sides are 


not every where equal (as in the annexed Fi- 
gure.) Now, ſuch an imperfect Cone is uſual- 


Any ſolid Cone may be cut by Plains ( which 1 ſhall all-almq 
Sell 
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S 3 5 ; 
Ia Right Cone be cut directly thro' its Axis, the Plain or Su- 
of that Section will be a plain Jſſceles Triangle, as HV G 
72 | 
4 of the Triangle, the Diameter (HG) : of the Cone's Baſe 
will be the Baſe of the Tr langle, and (VC) its Axis will be the 
jurgendicular Height of the Triangle, | 


Sect. 2. 

a Right Cone be cut (any where) off by a Right-line paral- 
kl to its Baſe, as hg (it will be eaſy to conceive, that) the Plain 
of that Section will be a Circle, becauſe the Cone's Baſe is ſuch ; 
wherein one Thing ought to be clearly underſtood, which may be 
kid down as a Lemma, to demonſtrate the Properties of the follow- 
ing d ections. e 


If any two Right Lines, inſeribd within a Circle, ds 


emma. of the Lines will be equal to the Rectangle made of 
the Segments of the other Line, (See Yhcorem 15, 
Page 315.) OY. 


That is, haXga=—=baXadb — 
And HA X 5 * B AX 45 F XC, 
conſequently if daa a and if BA — AB 
then it will be h Kg A = Q ba, and 
71 Cone s Baſe HAX G A= 0 


— — C—_—_— — — —_ 


Sea. 3. 


If a Right Cone be (any where) cut off by a Right Line that cuts 


both its Sides, but not parallel to its Baſe (as 78 in the following 

HF fee) the Plain of that Section will be an Ellipſis (vulgarly call- 

\ td an Oval) viz. an oblong or imperfect Circle, which hath ſeve- 

hl Diameters, and two particular Centers. That is, 

. Any Right Line that divides an Ellipſis into two equal Parts is 

ald 2 Diameter; amongſt which the longe/t and the Horteſt ate 

particularly diſtinguiſh'd from the reſt, as being of mott general 
Uſe; the other are only applicable to particular Caſes, 


dell 


— 


4 
62, vis. the Sides (HF and V) of the Cone will be tbe 


cut or croſs each other (as hg doth bb in the annexed 
Figure) the Rectangle made of the Segments of one 


—— ͤ — eta 
: . \, 
i 
e 
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2. The longeſt Diameter (as T S ) is TIM 


call'd the Tranſverſe Diameter, or Tranſ- V ; 
werſe Avis, being that Right Line which E: 
is drawn thro? the Middle of the Ellip- 7 
is, and doth ſhew or limit its Length. 1 
3. The ſhorteſt Diameter, call'd the 2 
Conjugate Diameter, is a Right Line h. 
that doth interſe& or croſs the Tran/- Prin 
verſe Diameter at Right Angles, in the Axis 
Middle or common Center of the Ellip- _ 10 
fis (as Nu) and doth limit the EIip- H.., : | 
figs Breadth, VVV erent be 
4. The two Points, which I call particular Centers of an Ellhp- lt 
ſis (for a Reaſon which ſhall be ſpeuꝰd farther on) are two Points in 5 
the Tranſverſe Diameter, at an equal Diſtance each Way from the © 
Conjugate Diameter, and are uſually call'd Modes, Foci, or hurn- nt 
mg Points, Sl ge _ XK 
5. All Right Lines within the Ellipſis that are parallel to one 24 
notber, and can be divided into two equal Parts, are call'd Ordieff [ 
nates. with Reſpect to that Diameter which divides them: And if 5 
they are parallel to the Conjugate, viz. at Right Angles with tel in: 
Tranſverſe Diameter, then they are call'd Ordinates rightly apply'd, 00 
And thoſe two that paſs through the Foci are remarkable abet ©: 
the reſt, which, being equal and ſituated alike, are call'd both by nue 
one Name, diz. Latus Bedum, or Right Parameter, by which s: 
all the other Ordinates are regulated and valued 3 as will appear far- bi 
ther on. | SS Þy 
Sect. 4. 
" 3 | = 
If any Cone be cut into two Parts by a Right- Line parallel toll i; 
one of its Sides (as 8 A in the following Scheme) the Plain of that ;, 
Section (viz. $6 BA BUS) is call'd a parabola. „. 
I. A Kigbt Line being drawn thro' the Middle of any Para- \ 
la (as 8 A) is call'd its Axis, or intercepted Diameter, | oth 
| 
2. All Right Lines that interſect or cut the Avis at Right- Ans & 
gles (as B ; and bb are ſuppos'd to cut or croſs $ A) are call'd Ordi- 
nales rightly apply'd (as in the Ellipfis) and the greateſt Ordinate, a ». 
BB, which limits the Length of the Parabola's Axis (S A) is u- t 


ſually call'd the Baſe of the Parabola 


i 3. Thatl 


—_—— 


tap, 1. of Definitions. 305 


. That Ordinate which paſſes thro' 
the Focus, Or burning Point of the Pa- 
ala, is call'd the Latus Reftum, or 
Right Parameter (as in the Ellipſit) 
beauſe by it all the other Ordinates are 
jrortion'd, and may be found, 

The Node, Focus, or burning 
int of the Parabola, is a Point in its 
Axis, (but not a Center, as in the Ellip- 
{) diſtant from the Vertex, or Top of „ 
te Section, (viz. from 8) juſt æ part of = 

the Latus Rectum; as ſhall be ſhewn 
luther on. | | 


, All Right Lines drawn within a Parabola parallel to its Axis 


* r calld Diameters; and every Right Line, that any of thoſe Dia- 
* ters doth bi ſect or cut into two equal Parts, is ſaid to be an Or- 


tte to the Diameter which biſects it. 


2-_ Sect. 5. 


die If a Cone be any where cut by a Right Line, either parallel to 
di is 4zis, (as S d, or otherwiſe as x M fo as the cutting Line be- 
the in continued thro' one Side of the 


T 


Cone (as at S or x ) will meet with the 
ove «ther Side of the Cone if it be conti- 
wed or produced beyond the Vertex V, 
uch 8atT ; then the Plain of that Section 
f-. the Fgure & bB BS) is call'd an 
Dyperbola. ES 

I, A Right Line being drawn thro? 
tie Middle of any Hperbola, viz. 
within the Section, (as S A, or x N) 
call d the Axis or intercepted Diame- 
ter (as in the Parabola) and that Part: 
af it which is continued or produced out GS 
af the Section, until it meet with the . e e 
other Side of the Cone continued, viz. wid C. 4d 
dor Tx, &c. is call'd the Tranſverſe 
Nl Dumeter, or Tranſverſe Avis of the Hyperbola. 
| 2, All Right Lines that are drawn within an hperbola, at 


Rig t Angles to its Axis, are call'd Ordinates riobtiy ahb; as in 
de Flips and Parabola. e 


* *' 
c 
. 
zo 
v} 


3. That 


always incline (that is, come nearer and nearer) to both Sides of the 


plainly appear in its proper Place. 


Way of Obſervation, how one Section may (or rather dub) 
An Flipfs being that Blain of any Section of the Cone which in 


| a Parabola. Now a Parabola, being that Section whoſe Plain is al- 


is; but if it incline towards the Cone's Vertex, it becomes an 


into a Parabola, the Parabola into an Mperbola, and the Fhyer- 
bola into a plain Jſoſceles Triangle : And the Center of the Circle, f 


— ——— —ñꝶ6—4 nts Ing ore nog 
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"4, That Ordinate which paſles thro' the Focus of the HAyperbola 1 
call'd Latus Rectum, or Right Parameter, for the ſame Reaſon x 
in the other Sections. 3 
4. The middle Point of the Tranſverſe Diameter is call'd the 
Center of the Hyperbola ; from whence may be drawn two Ri 


Lines (out of the Section) call'd Aſym ptotes, becauſe they * 


Fhyp erbola, but never meet with (or touch) them, altho' both they 
and the Sides of the per bola were infinitely extended; as will 


Theſe five Sections, viz. the Triangle, Circle, E llipfis, Parabolg. 
and hyperbola, are all the Plains that can poſſibly be produced from | 
a Cone; but of them, the three laſt are only called Conick Seftimg 
both by the ancient and modern Geometers. 


S TFC AS OCR ELLODa ==», 1 ox 


Scbolium. 


Beſides the foregoing Definitions, it may not be amiſs to add, by 


* 


change or degenerate into another. 


is between the Circle and Parabola, twill be eaſy to conceive that 
there may be great Variety of Ellipſes produced from the fame 
Cone; and when the Section comes to be exactly parallel to one 
Side of the Cone, then doth the Ellipſis change or degenerate into © 


ways exactly parallel to the Side of the Cone, cannot vary, as the 
Ellipſis may; for ſo ſoon as ever it begins to move out of that P. 
ſitio, (viz. from being parallel to the Cone's Side) it degenerates ei- 
ther into an Ellipſis, or into an H:;perboala : That is, if the Section 
inclines towards the Plain of the Cone's Baſe; it becomes an Elip- 


Hyperbola, which is the Plain of any Section that falls between the 
Parabola and the Triangle. And therefore there may be as many 
Varieties of Hyperbola's produced from one and the ſame Cone, 3s * 
there may be Hllipſes. . I 
To be brief, a Circle may change into an Ellipfs, the Eliyji 


which is its Focus or burning Point, doth, as it were, part or di- 
vide itſelf into two Hei fo ſoon as ever the Circle begins to 
degenerate into an Ellipſis; but when the Ellipſis changes into 


a Parabola, one End of it flies open, and one of its Fact 2 
| NING, 


| (ap. 2. 5 concerning the Ellipſts. 


a Me 4.1 © — 2 a. tea. - ** * * 
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es and the remaining Focus goes along with the Parabola when 
- degenerates into an Thperbola: And when the HApperbola degene- 
ates into a plain J/oſceles Triangle, this Focus becomes the vertical 
Mint of the Triangle (viz. the Vertex of the Cone); ſo that the 
enter of the Cone's Baſe may be truly ſaid to paſs gradually thro? 
the Sections, until it arrives at the Vertex of the Cone, ſtill 
am ing its Latus Rectum along with it: For the Diameter of a 
Circle being that Right Line which paſſes thro' its Center or Focus, 
nd by which all other Right Lines drawn within the Circle are re- 


nuated and valued, may (I preſume) be properly called the Circles 


latus Rectum And altho' it loſes the the Name of Diameter when 


the Circle degenerates into an Ellipſis, yet it retains the Name of 


latus Rectum, with its firſt Properties, in all the Sections, gradu- 
dy ſhortening as the Focus carries it along from one Section to a- 
wther, until at laſt it and the Focus become co-incident, and ter- 
ninate in the Vertex of the Cone. | 

[ have been more particular and fuller in theſe Definitions than 
# uſual in Books of this Subject, which I hope is no Fault, but 
yill prove of Uſe, eſpecially to a Learner : And altho' they may 
rechaps ſeem a little ſtrange, and at firſt hard to be underſtood, 
jet, when they are well conſider'd, and compar'd with a Cone cut 
nto ſuch Sections as have been defined, they will not only be 
found true, but will alſo help to form a true and clear Idea of each 
tion, Rs 


— 


_ 7 9 


CHA P. II. 
Concerning the Chief Properties of an Ellipſis. 
Note, If the tranſverſe Diameter of an Ellipſis, as T'S in the "og 


luing Figure, be interſected or divided into any two Parts by an Or- 
nate rightly apply'd, as at the Points A, C, a, &c. then are thoſe 


Parts T A, TC, Ta, and 8 A, S C, Sa, &c. uſually called Abſciſ- 


le (which ſignifies Lines or Parts cut off ) and by the Rectangle of a- 


y two Abſciſſæ is meant the Rectangle of ſuch two Parts as, being 
u together, will be equal to the Tranſuerſe Diameter. | 


 ATA4SSA=TS. AndTC+SC=TS. 
i OrTA+SADTS, &e. 
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Theorem. SH, of any other two Abſciſſe : to the Square lat 


Section 1. | 3 10 
Every 2 is cpu d. and all ſuch Lines as relate to 1 - 
are re regulated, by the Help of one general Theorem, 


As the Rectangle of any two Abſciſſæ: ig to th, 2 Dar 
of Half the Ordinate which divides them :: þ, ;, | the t 


Half that Ordinate which drvides them. Tra 
| | nd 
That i is, | „ 
TAXSA: O24: Tax Sa: U hs 5 F 
TAX SA: BA:: TSC: NC 
CSC: NC: : J0 & S8. U ba 
&c. 
75 0 
 Demonffrafion. Lin 
Let the annexed F igure repreſent a Right Cot, cut thro” both 
Sides by the Right Line T S; then 
will the Plain of that Section be an 
Ellipſs (by Se&. 3. Chap. 1.) 78 Th 
will be the Tranſverſe Diameter, 
NC Nand bab will be Ordinates + 
rightly apply'd ; as before. Again, 
if the Lines D 4 and K & be parallel 1 
to the Cone's Baſe, they will be Di- Fett 
ameters of Circles (by Sea. 2. that 
Chap. 1.) Then will 4 TC K and Wn 
Ta D bealike, Alſo, A Sad and 
A S C= will be alike, i 7 
Ergo mls: ed:: 80:0 tn 
And fe: CK:: Ta: Ws * Deren 13 a 
* 3 . KGHM 
2 mY TaXCK = TC XaD | 4 
2 X 3! 5|SaxCkxTaxXCK- adxSCXTC XaD. Per Axim 3. 
But [Gl XX CR S UNC 


And. 5% DX ad=f1 ber Lemma Seel. Va 
| Then| for CK X Ck, and a D ad, take [) NC and U 
5,6,7|8|]SaxTaX Oo NC CNN Nba Per Axiom 5. 
Hence ds Ta: be : 70 SC: U NC. See Pore * 


eee eee eee 0 5-0 


Chap. 2. concerning the Ellipſts, 3 69 


y, the Truth of theſe Proportions may be otherwiſe prov'd bY 
Circle, without the Help of the Cone; thus: Let any Ellipſis be 
ircumſcrib'd and inſcrib'd with Circles, as in the fol owing Fi- 

then from any Point in the circumſcrib'd Circle's Peripherys 
za: B, draw the Right Line B a, parallel to the ſemi-conjugate 
Dameter Ne, then will & a be a Semi-ordinate rightly apply'd to 
de tranſverſe Diameter T'S ; as before, Again, from the Point 5 
(n the Ellipfis's Periphery) draw the Right Line 5 4 parallel to the 
Tranſverſe T'S ; and draw the Radius B C. Then will ABCa 
ad 4 CV d be alike, : AE „ | 


* 


——— — 


B C: * GT: 4 "4 ; OS 


| Terefore * x per Theorem 13. | 
0 But TC BC, NSC 
pd | 4 and ba =dC 
Conſeq. TC: Ba :: NG: ba 


vs 
MK 


3 
* 
6 * 
2552 „„ „„ „ „6 - 
. — 
L - * 
Ll - 
* * 
„ * 
' , 
® * 
Ty 
. 
* = 
. 
. 
- * 
. 
Pa 
=. 
ad 
* 


2 
3 
Or] 4 TC: MNG: : Ba: ba 
5 
6 


(in L's] 5] UNT: U M:: Ba: ba 
oth But] 61/ Ta Xx S —= (I) Be „ 
4. 1per Lem. Sect. 2. Ch. 1. 1 5 
j HS» 5 
Nerfore| 7 Ax Sc 0 TC: O NC, a5 before. 


And fo for any other Abſciſſæ and their Semi-ordinates. 

Theſe Proportions being found to be the true and common Pro- 
erties of every Ellipſis, all that is farther requir'd in (or about) 
ltat Section may be eaſily deduced from them. „„ 
*t,2, To find the Latus Rectum, or Right Parameter 

of any Ellipfis. 

There are ſeveral Ways of finding the Latus Rectum, but I 


link none fo eaſy, and ſhews it ſo plainly to be the Third prin- 
tal Line in the Ellipſis, as the following 


As the Tranſverſe Diameter : is in Proportion to the 
Darm. | Conjugat : : fo is the Conjugate: to the Latus 


Rectum, 


Viz, (in the following Fig.) TS: N:: Ni IR the Latus Rectum. 


ba 
33 Demonttration. 
D. From the laſt Proportions take either of the Antecedents, and, 


Or b Conſequent, viz, either TC XS C: NC, orTa X Sa: (74a, 


B bb and 


— — 


— — — äf .. PP ˙ o TT ⁵ m ˙⁰¹wmu¹1˙¹¹wÜ ³Äi . . — e . —˙—Ü⅛Üæ AGE IA PI el IGG» 0 TY OO II I FO OO I II OI — = — rec _ — 
— 2 _ — 5 | 
of — — — — — wm ——— — 5 
— mag, 2 oe —— — 5 
* 

; 
: 
1 


370 ES Conick Sections Part IV. 


———— IA fe Rt AI 4. 


jugate or Middle of the Ellipſis (vide Definition 4, Page 364.) and 


and half Difference of the tranſverſe and conjugate Diameters 


Theorem. 4 their Difference will be the Diſtance of each Focus fri 


and make 78 the td Term, to which find a fourth Proportional, 1 
and it will be LR: 


„n; M 
REA ONC::TaxSa:Oba 


ng by common Properties. | 
: 10 11 ETS: LR: : TANK Ja 836. 


From hence tis evident that L R, thus found, is that Orne ö 
by which the other Ordinates may be regulated and found, There4 
fore (according to its Definition Kell. 3, Chap. 1.) it is the trus 
Latus Rectum. Q. E. D. | 


'C onſectary. 


Hence it follows, that if the tranſverſe and conjugate Dias 
meters of any Ellipfis are given (either in Lines or Numbers) tha 
Latus Rectum may be eaſily found; and then any Ordinate, whold 
Diſtance from the Conjugate is given, may be found ; as above, } 


Sect. 3. To find the Focus of any Ellipſis. 
The Ms IS the Diſtance of the Latus Rectum from the Con 


Thus]! 1iTCXSC:ONC::TS:LR N 
EA 3 SC — 
and NG—=Cn 
Therefore! 3'TCxXSC=zi0TsS 1 
And] 4 Q NC = 1 U N n 7 
I, 3, 4 54078: 10 Ne: TS: LN V 
8 6 N pov oong = ONnXxTS 
6 K 4 7] OTSX LR= ON xTS 8 
TOE: T2; which gives the following Analogy. 


that Diſtance is always a Mean Proportional between the half dun 


which gives this Theorem, 


From the Square of Half the Tranſverſe faltract 
the Square of Half the Conjugate, the ſquare Rust 9 


the Middle or common Center of the Ellipſis. 


That! is, ſuppoſing the Points F and F to be the two Fu 
2. c = (CV, and TC ATS. NCS Nn, Then, 7 

＋ NC: F :: FC: TC NC. Ergo D FC= 0 7C 
n NC. Conſequently, FC=yQT10C=—D0 Rn 


ta p. 2. 5 concerning the Ellipſts. a 371 


Demonſtration. 
Firſt, I TSXLR=O0 Nn, by 8 Step of the laſt Proceſ 
And] 2 TS: L R:: TEXSF: E common Properties. 
30 78: LR: TCF N UF. : OLR=QLP 
Thats 1 DO IRXTS= ang 
3 1 417 oO FE—OCFx LR 
LR s|+LRXTS=QTC—OCF 7 
1TS$*LR=LONzO M T * 
ONC= 0 TC—0 CF 
cg UTC - NC 
91 cf 4 QO TC-ONC 


1=4j © 


5 1 7 
A 


8 w* 


of Tangents, &c. 
If from the the two Foci of any Ellipſis there be 


drawn two Right Lines, ſ as to meet each other 
— in any Point of the Ellipſis's Periphery, the Sum f 
thoſe Lines will be equal to the Tranſverſe. 


Wis F NF=TS.fL+LF=TS. Or f B4-BF=TS$ , &c. 
Demonſtration. 


lt If N= TG 
ra : 2 by 8th of the laſt, = 
But, | 2| 40 6 2 JC AN 
| | by Theorem 11, 


, 2] 3 T0 N OTC 
by Axiom 5. 
jw I 4'NF=TC 
Hence 2NF=2TC =TS 
Again, 5 TS: LR: : TFx FS: LF, by common Properties. 
(onſeg.] 62 TS: «IR: TF Xx FS: LF 
But, 278 2 FC. And 2 LRF 
bro 707 1C:LF::; TU CF TC FUL 
E 1} BIT Cx TF 70 — 2 CF 
But, 41 DOfF+OLF=0fL, by Theorem 11. 
Tt is, 10,4 DO CF+OLF=0FL, fr2CF=fF 
| x 4011 +4OTC—-40CF=4TCxXLF 


10-11 124 0 TCH OLF=4TCxXLF+nfL 
Sig hs 4OTC—4TCxXkLF+ QLF=nfl 
B b b 2 13 uu 


* 
Now from ; += is deduced that notable Propoſition, upon which 
; orounded the uſual Method of deſcribing an Elligſis, is, and drawing 


— —„»„ —-— — <-> een - > Ad GE. 


2 Conick Sections 


| 3 
Part IV Chap. 
13 un 142 TC  LF=fL- | 'J ” If 
1 e 2TC=fL+LF. But 2 70 78 %% 
— vv C-_. 
7 | | 3 
And this Propoſition muſt needs hold true to every Point in thy th 
Ellipſiss Periphery, viz. at B, &c. As will evidently appear te oy 0 
any one who rightly conſiders, That, as a Thread juſt the Lengt 8 
of the Diameter of any Circle having its two Ends ty'd together J. 4 
and then mov'd about a Point in the Center (viz. by making it 4 1 
double Radius) will, by drawing another Point in its Extremity, ded 2 
ſcribe the Periphery of a Circle; [vide Definition Page 280] ever + ft 
ſo, if a Thread juſt the Length of the tranſverſe Diameter (7 or 
having its two Ends fo fix d upon the two Foci (F and F) that i q 
may be mov'd about them, by drawing a Point in its Extrem >” 
(viz. at its full Stretch) it will deſcribe the true Periphery of ad brome 
Ellipſis. | : | 
- altho* this eaſy Way of deſcribing, or, as uſually phras dS 
drawing an Ellipſis, be mechanical, and known even to moſſi Sup; 
 Foiners, Carpenters, &c, yet it gives as compleat and clear a Nr = 
Idea of that Figure as any other Way whatſoever ; and by de WM ihr 
ſcribing it thus about its two Foci, as a Circle is about its Center cob e 
doth plainly ſhew that thoſe two Points are not improperly calłꝙ their ! 
particular Centers in Definition 4, Sect. 3, Chap. 1. for each oi then v 
them bears much the ſame Reſpect to the Ellipſiss Periphery, a; ti NC: 
Circle's Center doth to its Periphery, WT 20:1 
| | | Raw 
Sect. 4. To deſcribe or delineate an Ellipſis ſeveral Maps. 
There are ſeveral (other) Ways of deſcribing an Ellipſis, both 
Geometrically and Numerically, according to peculiar Occaſions 
but I ſhall only mention two or three of them, leaving the reſt t Thu 
the Learner's Genius, Now, in order to that Work, it will b 
convenient to conſider what Lines are requiſite to limit or bound 
its Form, which I take to be chiefly theſe following. . 
1. If the Tranſverſe and Conjugate are given, the Ellp/is ig 
perfectly limited; (vide Conſectary Page 363.) for if TS and N If 
be ſet at Right Angles in their Middle at C, and TC or C S bay 
ſet gf from N, or n, both Ways upon the Tranſverſe to f and J te { 
(viz. make fN=TC=MNF) then will thoſe Points F and * wrſe 
be the two Zaci (by 4th Step of the laſt Proceſs) and then the A 
lipſis may be deſcrib'd as above, 5 van 
- | Ell 


2. 10 


(hap. 2. concerning the Ellipſis. 373 
2. If the Tranſverſe Diameter and Latus Rectum are given, the 
1 i truly limited, becauſe by them the ' Conjugate may be 
4 d, b Sect. 2. 5 | | 15 „ 

5 dr only the Tranſverſe, and the Proportion it hath either 
the Conjugate or Latus Rectum, be given, the Ellipſis is thereby 
inited, As for Inſtance; ſuppoſe the given Ratio between the 
Tranſverſe and Conjugate to be, as a: tod:' | 
Ii. 4: d:: TS: Nn, then — 4 MV, &c. 

4 If either the Tranſverſe or Conjugate, and the Diſtance of 
te Focus from the Conjugate be given, the Ellipſis is limited, be- 
auſe by them the Conjugate or Tranſverſe may be found. 

Theſe being premis'd, and the precedent Work a little conſider'd, 
t muſt be eaſy to deſcribe or delineate any Ellipſis in Plano, either 
Gometrically or Numerically, EE 


1. To deſerike an Ellipſis Numerical, by Paints, 


Suppoſe the Tranſverſe Diameter T8 = 20, and the Conjugaie 
Nn = 12, (either Inches, or any © „ 
ler equal Parts) and let them ; I 
cos each other at Right Angles in 3-2 
their Middles, as in the PointC ; 
ten will T C= C&S = ro, and 
NC=Cn=6 and it will be 
0: 12: 12:7, 2 = the Latus 
Ndum. 


Again 20: 7, 2. Or rather take their Ratio, 

e1:0,.36:;:10+1xmw=1: nel, 

Thad o, 36: 10+2X10=—2: 5. 2. 
I 


1:0, 30:5 10 ＋ 3 Xx 10-3: UI d. || 3. &c. 
: Tons. = /aa=g &c.=a. 1 
iv, 


100=4X00,36=(1b.2, . 4/90x0,36=5,88 &c.=b.2 
100—9X0,30=[14.3. 4/9 1X0, 36==5,72 &c. d. 3 


tre the better ) be found in this Manner, and every one of them 
be ſet off at Right Angles from its reſpective Point in the Tranſ- 
wrſe Diameter each Way, viz. from 1 to a, from 2 to b, from 
z % % &, Then if a Curve Line be carefully drawn with an 
cen Hand thro? thoſe extream Points a, l, d, &c. it will be the 
Eliyf's P eriphery requir'd, 


If ſo many Semi-ordinates as may be thought convenient (the 


2. To 
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2. Conick Sections 


That is, 12 


- which is according to the common Properties of the E lip 12 Theng 


fore the Point B is truly found, . Q. E D. 


— Gap 


— 
2. To diſerite an Ellipſis Geometricaly iy Pring, F 
| F 
Having the Tranſverſe and Conjugate Diameters _ 
and N n, placed at Right 4957 in their Al, a. lr. 7 wi 
Then from either End of the Oey vix. N (or: n) * Wb 
half the Tranſverſe Diameter to x. *Y but, 
That is, make Nx = T C (con- TOM | 8 os te 
tinuing the Conjugate N n when ö OS Gs. * nes, 
it is ſhorter than T C) Or, which 7 | FE: 70 
is all one, make Cy U C. LI = = Fs 
Then take any Point in the Line % SEA: won t. 
C x at Pleaſure; ſuppoſe it at G, "Fee. fx e t 
and from that Point at G ſet off Les ae meer 
the Diſtance C x to the Tranſverſe gent 
(as at E) viz. make GE =Cx, a and join the Points GE i ine 
a Right Line, produced ſo f. far beyond E as to wake E B= nw” 
Conſequently GB=TE Wy cot 
Then, I fay, where-eyer the Point G was taken between nll ap] 
and x the Paint B will juſt touch (or fall i in) the Ellipſibs Peridben 
Demonſtration. 

Draw the Right Line B A perpendicular to 7 8, viz. let BY you 
be a Semi-ordinate rightly apply'd to the tranſverſe Diameter Ti i 
then A GCE and A BAE will be alike. 1 : 
Conſequently| 1 CE: AE:: EG: EB, by Theorem 13. Wh) 
1, And] 21CE+AE: AE ::  EG+EB: EB, See p. 19 bot 4 
But] 3|CE+AE=CA. EGXEB=TC. And eform 
| Therefore : CA: AE; ;TC:NC = 
6, in 2 5 Did: AE :: oO Tc: NC nt-m 
5 .. ICANN lr, TC 
„„ „„ 1500 
But] 7I UNC - AB = AE fal in 
That 18, | get "4 — AE | Hume 
DL CA N ONC Wi Trad 
, 7 0 e = ONC— 048 Ikſcrip 
8X0 TS| ACN NC N | 
g + 1 G 20. ONC=045 x 0 Alſo 

10, Anale) 11 OTC: NC: : O TC— OCA: O 43 wn 
CCS: DO NC:: TC + CA x TC—CA: DA ee. Fr 
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"Hence it follows, that if a convenient Number of ſuch Lines 
6E be ſo drawn (as above directed) from the like Number 
iPoints taken between C and x, &c. their extream Points (as at 
J will be thoſe Points by which (with an even Hand) the El- 

; may be truly deferib'd ; as before. | 

ut, if this be well underftood, it will be very eaſy to conceive 
ww to deſcribe an Ellipſis very readily, without drawing thoſe 
lines, by having a thin, ſtreight, narrow Ruler juſt the Length 
{7C, made ſomewhat ſharp at both Ends, upon which, from 
ne of its Ends, ſet off the Length of NC. Then, if the Point 
gon the Ruler which repreſents E be gradually or eafily moved: 
ing the Tranſverſe T'S, and at the ſame Time the Point or End 
wreſenting E be kept fliding cloſe along the Conjugate Mu, tis 
gent from the Work above, that the End of the Ruler repre- 
ming B will, by that Motion, aſſign the true Periphery of the 
{lyfs requir'd 3 for by that Motion the ftreight Edge of the Ru- 
& doth fupply an infinite Number of the aforeſaid Lines; as. 
ill appear very plain and eaſy in Practice, 


Kahn 


Now from hence was deduced the firſt Invention of that well- 
mtriv'd Inſtrument for drawing an Ellipſis by one Motion, com- 
manly call'd the Elliptical Compaſſes, being uſually made of Braſs, 
ud compos'd of three Parts, two of which repreſent (or rather: 
Wh) the tranſverſe and conjugate Diameters ſet together at 
let Angles ; and the third Part is a moveable Ruler, which 
xorms the Office of the laſt-mention'd thin Ruler. But becauſe 
te making of it is ſo well known to moſt Mathematical Inſtru- 
tent-makers, eſpecially to that accurate and ingenious Artiſt 
. JOHN ROWLEY, Mathematical Inſfrument-maker, under 
t Dunſtan's Church in Fleet-ſtreet, London; who, for his great 
Kll in contriving, framing, and graduating all kind of Mathematical 
ments, may, 1 believe, be juſtly call d one of the beſt Workmen of 
Trade in Europe; I think it needleſs therefore to give a particular 
Iklcription of that Inſtrument. | 


Alo from hence came that ingenious Invention of making Engines 


ir turning all Sorts of elliptical or oval Work, as oval Boxes, Pic- 
we-Frames, Ge. | 
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Sect. 5. Any Ellipſis being given, to find its Tranſl - 
| and Conjugate Diameters. „ 
Suppoſe the given Ellipfis to be T NS n (in the annexed <4 
Scheme) in which let it be requir'd to find the tranſverſe Dia. by ; 
| meter T'S and its Conjugate Nn. Draw within the Elipfic an ld 
| two | Right Lines parallel to each H N # 
| other as Hh and M m, and biſect e Caf 
. thoſe Lines, viz. find the Middle . Fl 
| Point of each, as at K and P; * * 
| then thro* thoſe Points & and P 1 
L draw a Right Line, as DA, and it he 75 
will be a Diameter; for it will m 
| divide the Ellipſis into two equal | | 11 P) 
| | Parts, [See Defin. 1, Page 363.] conſequently the Middle of D WW 
Om the true Middle or common Center of the Ellipfs, : ten 
| For tis the Nature or Property of all Diameters, howſoever th F 
| are drawn in any Ellipſis (as *tis in a Circle) to cut or croſs one a: ſeven 
nother in the common Center or Middle of the Figure ; as at C, 
Upon the Point C deſcribe an Arch of any Circle that will cu Th, 
the Ellipfis's Periphery in two Points, as at B and h; then join 
thoſe Points Bb with a Right Line, and it will be an Ordinate 
through whoſe Middle (as at a) and the common Center C, the 
tranſverſe Diameter T'S muſt paſs, For BS= Sb, and Ba i Dau 
at Right Angles with T'S ; therefore the Line Þ b is an Ordinate. 
rightly apply'd to T'S the tranſverſe Diameter. And if thro t 
Point C there be drawn the Right Line N » parallel to B, it vii nal. 
become the Conjugate ; as was requir'd, | | 
| EY The 
Sect. 6. To draw a Tangent, or Right Line that n B. 
touch the Elligſis“s Periphery in any aſſignd Point, That i 
f ; =] 
The Drawing of Tangents to or from any afſjgn'd Paint in ti Ne 
Ellipſis's Periphery, admits of three Caſes. | be 
Caſe 1. If it be requir'd to draw a Tangent that may touch the An 
Elli pſis in either of the extream Points of its tranſverſe Diameter b, 
as at Tor 8, it is plain the Tangent muſt be drawn parallel to th 8. 
conjugate Diameter Nn; as H in the following Figure is ſup MI © ? 
pos d to be. 


G Q 4 


(hap. 2. concerning the Ellipſis. 


. ADDS es a 


377 
"Gf 2: Or, if the Tangent muſt be drawn to touch the Ellipis 
j either of the extream Points of its Conjugate Diameter, as at 
Vor, 'tis às evident that it muſt be drawn parallel to the 
Funfuerſe Diameter TS, as K M. Conſequently; if that 

ſugent and the Tranſverſe were = ETA St 

vth infinitely continu'd, they , >a ÞB 

told never meet. 12 


Caſe 3. But if it be requir d 
b draw a Tangent that may 
much the Ellipfes in any other 
Part, as at B, &c, Then, if 6 Re 
tk Tangent and the Tranſverſe Diameter be both continu'd, they 
ill meet in ſome Point, as at P; and thoſe two Points (viz. B 
m P) do fo muon depend upon each other, that one of them 
mt be aſſign'd in order to find the other, that ſo the Tangent may 
| them be truly drawn. Let DTS, y = AS, and z = 
1p. Then, if y be given, z may be found by this 
J = 2. Or, if z be given, y may be found by 
E 
Theorem ; 2 + v4 n =y 


Demonſtration. 

Draw the Semi-ordinate ba, as in the Figure ; then will A BA P 
dba P be alike. Put x = Aa the Diftance between the two 
3 (viz, between B A and b a) which we ſuppoſe infinite- 
mall, | | 


Then] 1{z:2z—x:: BA: ba, by Theorem 13. 

But 2 D—y NY: P N x:: D BA: 022 
That is, 3 D-: D- - Dx - xx :: UBA: U ta 
n 0's! 4 ZX: 22z—2zxbax :: U BA: U ba | 
pole | 5 * o, that ſo x may be every where rejected. 
Then] 6] Dy—yy : Dy—y+23 D:: UBA: O 
And] 7 [Z: T 2E: : UBA: Oba | 
b, 7] 84 Dy—y : Dy -HD: : 22: 22 K. 
$*.*] 9 22 — Dzz = 2yz—2Djz 

> 22110 {yx—;Dz =yy —- Dy 

by 11 tDz—z=Dy—yy 


(ec 


a lt LE 
2 1 2 2 * vs s t 


— 
— — — — — — — — H 


gent requir'd, according to the firſt Theorem. 


as before; and biſect the Diſtance between the Points C and! 


Point where the two Semi- circles interſect or croſs each othe 


x 
o 


Part IV 


N — „ 


which is the 1ſt Thworen, 


and T1ve4 

Analogy; 13] 5 D +31 yak Dy: z. Viz. CA: SJ. TA: 41 f t 
10-9 i Wy. > Dy + == 3 Dz" 3 
14 DN DD N= DN Pant 
15 u 16% — 1 D- = DD lawn 
That is, 17 8 — 4 DR 1 MDA $ which is the 2 Tf | 
JT *¹— ¹⁊ rr 1 

„ ee [cf TER, Ft 3 n BOY 0 101 
The Geometrical Performance of theſe two Theorems is ven 0 4 
eaſy, as by the following Figure. 008 he K 
I. Suppoſe the Paint B in the Ellipþs Periphery were given, au N H 
it were requir'd to find the Point P, &c. 4 
Make TC Kadiut, and upon the common Center C deſerih . In! 
the Semi- circle 7 d &, and join the Points C and d with a Rye ty 
Line; then biſect that Line (by Prob. 2, Pag. 287) and mar C 
the Point where the biſecting Line would croſs the Tranſverſe, I dle 
at e. Upon that Point Ie, with the Radius Ce (or Ca deſcrib The 
another Semi- circle, producing the Tranſuerſe Diameter to its Puri been | 
Phery, and it will aſſign the Point P. 55 
is 


For if D=TS, y = AS, = = AP, as before. 


Then 1 D = 5 X5 = 44 5 > MS en 75 
JJ ũ RE EDDA CS. | 
For] 3/ 


TA: dA: dA: SA. 8 Fi 
And 4 CA: dd: : dA: AP — 


But 5 A 21 * &C, Es © —_—_— 
Ass at the Tith Step before | 


Therefore the Point P is truly found. Conſequently, if a Rig 
Line be drawn through thoſe Points E and P, it will be the 7 


2. The Converſe of this is as eaſy, to wit, if the Pat 
be given, thence” to find the Poine B in the Ellipſi Peri pen 
Thus, circumſcribe half the Ellipſis with the Semi-xircle Ta 


as at e, viz. Let Ce =e P. Then making C e Kadius, | 
on the Point c, deſcribe the Semi-circle C d P; and from d 


7 J 


as at d, draw the Right Line d A perpendicular to the Toy | 


15 76 and it 1 aſſign the Point of —_ B in che Eli of 
prißbery, thro which the Tangent muſt paſs. 
t the Practical Method of drawing N to any 8 1 


* in the HAlipſis Periphery may (without finding © the VE 


hun to 2 Circli, which is this. 


If to any Radu of à Cirts,” 4s 0 B, 
Ine be drawn a Tangent Line (4s HR Fo 
p tuch the Radius at the Point B; the 
wo Angles, which the Tangent makes with + 
he Radius, will always be two Right An- 
4 (16, 17, 18, 19 Euclid a); that i * 


[a like Manner. the two Ou made between the Tangent and 
te two Lines drawn from the Foci of any Elligſis to the Powit of 
(nat, will always be equal, but not Right Angles, fave only 
the two Ends x | the Tranf ifoerſe Diameter. 

Theſe being well conſider'd, and compar'd with what hath 
ken ſaid in Page 3606, it muſt, needs be. eaſy to underſtand the 
flowing Way of drawing Tangents to uny W Point in the 
Lahe Periphery 5: which is thus: 

Having by the tranſverſe and conjugate Diamzt 1 found the twa 
ff and F, by, Sed, 3. from them draw two Kb £ Lines to 
net each other in the 4% d re 1 4 ES] 
if Contact, as fb and ZU (or fB H 4, DR > he PAR X 4 


ad FB) in the annex d Fig ure. Ne „ 1 E 
Rolf (viz, make) b d = pers Non 1 DM ett . 
F) and | join 155 Points F d {or „ — 

'D) with a Right Line. 8 
Then, I fay, if a Right 7% be 
aun through the Point of Contact : 
(or B) parallel to 4 F, or D F, H- 5 
t will de the Tangent requir'd. 


ä» 


agent is parallel to the Tranſverſe Diameter, even fo is the 
3 FBk, (and B H= JF BT) and will be 
ey where ſo, as the Point of Contact b (or B) and its Tan- 
9 carry'd about the Allipſis Peripoery with the Lines f b F (or 


8 CHAP; 


Punt P) be eafily deduced from the ke Property of Tangent 


< CBK = 5. ten Nc ©. won 
HBC / CBK =90; „ "I 
4 # 4 1 4 * 0 1 


for it is plain, that as the TN H T F N K when the 


. 
p — — wn; — - 
” _ — — — * 2 = > — 1 
— — " 2 — a 2 ” — Go ent ue, 7 Q - ——— / * — 4 — — — 
— - — Hanes oe — — 1 * 33 g — . 7 — EY — 2 — ee — — 2 — £ . _y_ 1 1 1 
— = . * 232 - — — — — — - _ - 
K —_ — — „— — — — - — — — — 1 t - r 12 — eo 8 => NI ne ot ts 4 © — v7 - yo; * — — Q * 2 
3 SF * 1 — * * — — : 1 ut = en gr - ey... — i a ets 214 vx * — — — — HL — e 8 K — — — — — — —2 — 7 ab atk. oh F BT a - = — PR tA; ey — PII, a 
2 A =" = * HEL, r We * — * < * — —— — * — Shin — - 
1 — 4 — — — p 
2 - L <= Fenn A . - WE 2 — — — 2 mp — — _ - 
= 2 * 3 * RA 2 _—_ — 4 - A 3.097 237 4 2 l 33 — c 2 — On — <> CO IDE _—_— 0 * — rr 8 — A s "hae * — — — = - — 
2 — EY „ 3 or” -..* ern RI - OS IS r — > - 22 Es = es. 2H DIET x — wares —— —— 8 2 - - e n . — — K - 
. — — yt 2 1 4 > ES 832 — . 5 - —— 7 = p — — — - 5 — 0 — . 
4 - 4 = RIES - ( — — — ys * — 7 P 0 5 — — e ee 22 r — — 4 5 . 2 2 — 4 any ** * Az AK 3 x 
3 Fog = — — 2 Z — — ” n — — 3 0 „ — jp 7 , * 2 ” ROOT — gk EVIL ” , * 
he 8 , CE NE - a — 3 — — — — — * 1 1 3 — = —— — — — — — — — — * ——ů— — — — — >ar— " VI — — ' — — — 
— — — 4 N T "i — — Cad — 8 2 * py S 8 n = 
87 2 — — 4 — — — — - 3 * e 3 5 3 7 * Y _— = T — 
A 8 * 75 1 = ES CCS Sa IIE . 1 . 4 5 — 2 "x - word 2 Jon 1 2 by N is Wdeniticy Oo — we 3 _ - — * Y 5 
1 I ay — 2 "Ro Hon — Wi — z . «+ SUS x 2 2 1 — 4 5 lag 4 n — 3 2 — rr +: 2 ee o 2 — = —— - pu Sg — - 22 2 — 
— . — — * - ox) ” 6 9 JIA Cart. . = a «4am ue a > n * "> GY * — — 2 — Kg — . . 7 5 22 - N 24 _— 1 0 — bo bot - Wc 2 FOE? on — n — 8 ” 
79 — 2 rd — - * _ - A — Km nn — * — — —— 2 2 — * 2 — : - — 2 9 ang : — —— 3 07 RY — Con x 7s K — — — — en * A — 2 — IE - 
p; ws 2 - 


N? TE, in every Parabola, the intercepted Diameter, or that 


or Sa: SA:: Oba: OBA 


Axis, and b ab, BAB to be Ordinates rightly apply'd to thalf 


le, by Sect. 2. Page 363. and A Sag like to A S A4 E. 


— —— a St OE ATRESIA eres I ELLA rw 5 
—— —ͤ K 4s Onan.» 
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3 CHAP. 1Il A 
Concerning the Chief Properties of every Parabola, i 


TOY * 
e 
* 
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Part of its Axis, which is between the Vertex and that Ordi 
nate which limits its Length, as S a or S A, &c. is call'd an Abſciſſa 
Sect. 1. The Plain or Figure of every Parabola is proportion'd by 
its Ordinates and Abſciſſæ, as in the following Theorem. "Wl The 
; (A, any one Abſciſſa: is to the Square of its Semi-ordinat uin 
Theorem 1 . fo is any other Abſciſſa : to the Square of its Semi- oy Gy 

A 5 mate, | as ci 

That is, if we ſuppoſe the annex'd Fi. * ; 
gure to be a Parabola, wherein & a, and 
S A, are Abſciſſe, and b a b, B A B, 

Ordinates rightly apply*d, it will! 
. „. E . H/ C hereſoever 
be Sa: la:: SA: OBA 35 Fart 4, 

A, are taken, 
And ſo for any other Ahſciſæ, &c, 


Theo 


Then 
Anc 


* 
Demonttratian. 


Let the following Figure H & repreſent a Right Cone cut ind 
to two Parts by the Right Line S A, parallel to its Side /H 
Then the Plain of that Section, viz. BbS B B will be a Para 
Bola, by Se. 4. Page 364, wherein let us ſuppoſe S A to be it 


Axis, Again, imagine the Cone to be cut by the Right Line 5. 
parallel to its Baſe HG. Then will Y be the Diameter of a Cir 


cord 
bird 8 
J. 


Thereforeſi 7 846 Y.: . 
28 \ ud ſo 


By Theorem 13. 
I . AS X AG SA X ag 


eos Sax AG SANA ha 
2X ba} By Axim 3. 'F | 1 
Bur HA ha, becauſe SA 8 
* J parallel to YA N 


BA AME Lem. h/—/ lonſe 
: And 3 ) FJ da. = ar 4 NF 363 1 6 | 
Sa Xx OBA = SA x ba „ Fro 
oy Axiom 5, 4 3 4. 99 8 *  ___- ancei 

| „ INN. | 
— CO), TDD, The{ 


3, 4, 5ÞÞ 


Gy. 5 concerning 137 Parabola. 382 
"Theſe Proportions being prov'd to be the common Property of 


gery Parabola, all that is farther requir'd Gan that I or 
fqure, may from thence eaſily on deduced. | | 


ect. 2, To find the Latus Rectum or Right Parameter 
of any Parabola. 


| The Latus Recbum of a Paratola bath the fans Ratio or © Dos 
jj to any Abſciſſa, and its Semi-ordinate, as the Latus Rectum 

{any Ellipfs hath to its T7 anſverſe and Conjugate ee and 
of be found by this Theorem. 


As any Adſei a : is in Proportion to its e 
Lyeare me fo is that Semi-ordinate : to the Latus Revturn," 


Let L= the Latus Rectum. 


Then| 1 Sa: a : ba : Ly cwhere-ever the Points a, and 
= 4d] 2|S4: 47. BA: L A, are taken i in the Axis. 
61 1 eee. Or 8a x L = [7 ba 
j a 
= Tor: Or SAX Z = a BA 
34, 5 | O22 = ge Per Axiom 5, 
* 68S 0 oo Ta SAX NB a, which an 
tulgy' 7 [S: UA:: SA: U BA, the fame as at the 7th 


Step 5 the laſt Proceſs; therefore L (thus found) is the true Latus 
lum, by which all the Ordinates may be regulated and found, 
xording to its Definition in Section 4, Page 364. For by the 
bird Step S a X L = DO ba, and by the 4 $4 xL= 0 
34, Conſequently y Sax L= = 6 aand y/ SAN * * 2 


ad ſo for any other Ordinate, 


Or if the Oer are given, to find their Ae iſe; then it 
nl be, L:ba:: ba: r B A:: B A: S d, &c. 


= &A, &c. 


0 B42 
'nſequently 5 Sa, and — 
ö From the Conſideration of theſe Proportions, it t will be eaſy to 
arceive how to find the Latus Rectum Geometrically, thus: 


he Join 


32 _ Comick © Sections. Part I 


PIT 


Join the vertical Point S of the Avis, and either extream Pr 


of any Ordinate, as B (or ) with a Ri be tins viz, ( Ti 
and biſet that Line (by Problem 2. ” ; * * * (or SY 
Page 287.) marking the Point where lau 
the biſecting Line doth -interſe&t or batt 
or croſs the Axis, as at E (or e) and ** 
and with the Radius SE ( or & 9 upon N 5 
the Point E (or e) defcribe a Circle; Rake 
(as in the annex d Figure) then will 
the Diſtance between the Ordinate and 
that Point where the Circle's Periphe- Th 
ry cuts the Axis, viz. A R (or ar , be which 
the true Latus Rectum required, W's - 
For SA: BA:: BA: AR, . ba : PR or, by Ther.! my b 
therefore AR = L. And ar = L, by the Iſt and 2d Steps above aher | 
Thi 
| G (ding 
From theſe Proportions of finding the Latus Reftun, it will | 0 
eaſy to deduce and demonſtrate this following Theorem. | , 
As the Latus Rectum: Is to the Sum of any tws Semi 


Urs, 
Theorem ordinates: 01 is the Difference of thoſe Poo Semi. ordinates ; 
to the Difference of ther Abſciſſee. 
Suppoſe any Right Line drawn within the Parabola, as b D ; 
parallel to its Axis & A; then will that Line (viz. b D) be a Din Fir 
meter 9 5. Fag. 365) which will make ED = AB + & ; 
DR=EAB—ab,andb B S A- 4. Then it will U 


£: E 55 :D B: 5 2 nne to the Theorem. E! 
Demonſtration. | Agair 

+ | 0.34 Ig 
Fire] | forums by Step. 2. $ = 
of the laſt Droeefe Ky TY 

And} 2 Wn Do by Step. „ + M4. þ Nete, 

¶ Lot the laſt, Proceſs. / ins 

1 — 2 3 84.— 82 — . | 7 l Þ 2 lit 
3 x Al- Bd e fn d 
But] 5 OB4—Obe= — 34 ! the followin þ, 2cec 
Anabgy, *tions 


5, Analgy] 7|L: BA la:: B A- la: S4 8 4 


4. 5, 6 6 SA & LHA F 
Gr Wh ED :: DB: D Th 


ta p. 35. Concerning the Parabola, 383 


This peculiar Property of the Parabola was firſt publiſ d A 
i684, by one Mr. Thomas Baker, Rector of Biſhop Nympton in 
numfire, in a Treatiſe intituled, The Geometrical Key : Or, the 
Gn of Equations unloc#d ; wherein he hath ſhew'd the Geometri- 
Conſtruction and Solution of all Cubick and Biquadratick Ad- 
62:d Equations by one general Method, which he calls a Central 
uk, deduced from this peculiar Property of the Parabola, 
Seft. 3. To find the Focus of any Parabola. 

The Facus of every Parabola is that Point in its Aris through 
lich the Latus Rectum doth pals. (See Definition 3. Sef?. 4. 
Page 359.) Therefore its Diſtance from the Vertex of the Paralola 
nay be eaſily found, either by the Latus Rectum itſelf, or by any 
aber Ordinate, and its Abſcrſe. So OO 

Thus, ſuppoſe the Point at F to be the Focus, & the Vertex, the 
(inate RF R = L the Latus —_ ©» 
kun, and ba b any other Or- „ 


lute, Then will S F = L. 


_0 4 

— 4 Fa: . 8 

I1ISFXLS= UF R. by Se. 2. Page 37 5. 
2| FR = 5 L; for the Ordinate R PR = L as above. 
3jJOFRESOL=:Lx1il On cone 

| 5[S F=+# £z as by Defintn 4, Sect. 4. Page 359. 
6 Dos =L, by the third Step in Page 375. 


e. 4. To deſcribe, or draw a Parabola ſeveral Ways. 
Note, There are two or three Ways of drawing a Parabola in- 
mentally at one Motion; but becauſe thoſe Inſtruments or Ma- 
lines are not only too perplex'd for a Learner to manage, but al- 
alittle ſubject to Error, J have therefore choſen to ſhew how 
at Figure may be (the beſt) drawn by a convenient Number of 
ants, vir. Ordinates found, either Numerically or Geometrical- 
\ according to the Dita; which, if the Work of the three aſt 
*tV0ons be well conſider'd, muſt needs be very eaſy, 


ne. WW 


1. If 


ESTI 


Part IV 
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as 


— Ms. 3a}. 4 —_ _— 


1. If any Ordinate and its Abſciſſa are given, there may by 7100 
them be found as many Ordinates as you pleaſe to aſſign or ta 4 
Points in the Parabola's Axis; (by Set. 4. Page 380) and th hh 
Curve of the Parabila may be drawn by the extream Points ; ee 
thoſe Ordinates, as the Ellipſis was Page 373. f 4 of 
2. If the Latus Rectum, and either any Ordinate, or its Aſc; 7 
are given, then any aſſign'd Number of Ordinates may by then the 
be found (by Sect. 2. Page 381.) either Numerically or Gems; I man 
| cally, t e of YL me D. 
3. If only the Diſtance of the Focus from the Vertex of thi vaſe 1. 
 Parabzla be given, any aſſign'd Number of Ordinates may be foung Pt 
by ir. For & FL the Latus Rectum, and} L = FR uli 
the laſt Section; and it will be, as S F: is to UF R:: fois an Nu th 
other Abſciſſa, viz. (& a, or & A, &c.) : to the Square of it sche 
Semi- ordinate (viz UU ba, or U A) according to the commoi po 
Property of the Parabola. no OT 1 50 
Altho' any of theſe Ways of finding the Ordinates are ef 114 
enough, yet that Way which may be deduced from the follow went 
ing Propoſition will be found much more eaſy and ready if I br 
Practice. 5 . N. I 
i De Sum of any Abſciſſa and fotal Diſtance ſri 298 
. the Vertex, will be equal to the Diſtance from the . 
Propolition. Focus to the extream Point of the Ordinate, which tr Cl 
e cuts off that Abſciſa. 5 
For Inſtance, ſuppoſe & to be the Vertex of 9 "Y TY 
any Parabola, the Point F to be its Locus, f 0 
and A B any Semi-ordinate rightly apply'd to 
its Axis 8 A: Then I ſay, where: ever the Tay, 
Point A is taken in the Axis, it will be 8 4 | « ü0 
+ SFF B. Conſequently, if Sf= & F, A : te Poi 
0 Demonttration. re) 
"1 11S. Fg L by the 7th Step, Sect. 3. en 
251 274 F 15 7 1 by 2 abore. 2 
26® | 3] Ofd= 0 FA+FAXL -i-4 LL 


Again] 41S A F A+ + L by the Suppoſition and Figure. 


zut 4 AAB = UB, by Theorem 11. 
, ß 
1 10 FAS FB Q. E D. 


f , 
a- _—_ ———— 
— — 5 


Tap. 2. concerning the Mara voila. 
Ini Propeſitiom being well underiiood, 'ewill be very eaſily ap- 


J 

k 1 to Praffice, ſuppoſing the Focal Diſtance given, or any other 

a by which it may be found. Thus draw any Right Line to 

0 ſent the Parabola's Axis, and from its vertical Point, as at 8, 
golf the Focal Diſtance both upwards and downwards, viz. make 

2 


if-8F, the Diſtance of the given Focus from the Vertex ; as 
the Scheme : Then by the Propoſition tis evident, that, if never 
Iomany Lines be drawn Ordenately at Right Angles to the Axis, the 
me Diſtance between the Point F out of the Parabola, and any of 
we Lines (or Ordinates) being meaſur'd or ſet off from the Ho- 
F to the ſame Line or Ordinate, t will aſſign the true Point in 
tat Line through which the Curve muſt paſs; that is, it will 
few the true Limits or Length of that Ordinate; as at Bin the 
\{Scheme. A 
Proceeding, on in the very fame Manner from Ordinate to Ordi- 
1, you may with great Expedition and Exactneſs find as many 
(rinates (or rather their Points only, lite B) as may be thought 
awenient, which, being all join'd together with an even Hand, 
ill form the Parabola requir d. 


F nd the nearer they are to one another, the eaſier and exa#ter may the 
W of the Parabola be drawn, The ſame is to be objerv/d when any 


ger Curve is requir'd to be drawn by Points. 


act. 3. To draw a Tangent to any given Point in the 
Curve of 4 Parabola, _ | 


ſangents are very eaſily drawn to the Curve of any Parabolg; 
jor, fuppoſing 8 to be its Vertex, B 

he Point of Contact (viz. the Point 
mere the Tangent muſt touch the 
lire) and P the Point where the 
logent will interſect (or meet with) 
lie Parabola's Axis produced: Then 
tom the Point of Coniact B there 
* drawn the Semi-ordinate B A at 
ket Angles to the Axis & A, whereſoever the Point & falls in the 
Ws, "twill be S P = SA. 1 


Demonſtration. 


Draw the Semi-ordinate h a (as in the Figure ) then will the 
4 P and Ab a P be alike. 


lis 38 0 


and 
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N. B. The more Ordinates (or their Points) there are found, 


Let y = AS the Alſciſſa, 


.. 1 Af44 $7 * — -- 4; A — "ES — . * _— 7 
A - 0 
— — . 
- ' : s 2 5 — YT ” * — n — rl - _ — 
— 5 * r 25 —_— £ 94: ä 4- 2 . — — — ClGSenEts — 2 — A _— — — 
aff Nw" —_ p ——— — * > ae — "TINS e 2 — © AE IT ae — — — 
. . r — Br I os wo 75 2 2 VR 5 ry - a 2 — 
— d | _ * : 8 . . — — —ę— r * a — . a ; 
re > Ae, 2 — Woe - — : 1 
N — > , pe 22— — — 0 — ——-— _ * — — — — — 3 . — — — * 
PPP ²˙ AA ˙ A oy; = 9 da ——— 2 23 AY J — . * * | 
- 4 - S * : 
_ 3 — rt ns, 7's = pn en ie _ 
a a 1 n 1 2 . 
A — — — . 22 — a 2 — 


> — . 
CD — —— —Eö— ũäñ 


= os Ge a rn ES 


* — — 
——— er Tone . 1. 


"I TW, 


2 * — or 
> "he AAS 

— = 

_ mY 

——— 


— 0 2 = 
— r 


= 
_— - — 


* 2 - 
— CI hs, 42> — 
2 
— — 
— 


rr 
. 
— = — 


o — PIES 
3 5 6 S 
— Ir 


2 = 3 
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and z — 8 1 P.; put x = A a the Diſtance between the two Sem: 
A, which we ſuppoſe to be infinitely near each other, asiq 
the Ellipfis, Page 299; 


Then 1 y +2: B A. 24 ha, per Theren 13 Then 
11 TZ: T2 ＋ U: BA: ba. See Page 192. 

Again Y: UBA: y: U ba, per Theorem Page 30. 
3. Or] 4ly:y+ *:: UBA: Oba 12 
2 in Ds . 


4» n r 


2yx TXT 2 XK ＋ K & 
7 15 ＋ 2 +ys + ec: 2 K * 2 
1 e e e eee 

That ig, 8 r e e conſequently r U 


Suppoſe! 9x o and rejected, as in the E llipfis, Page 35. 
Then| 10 7 =)» conſequently x x 2 Jy 


10 A Z=Y, that is, 88 SA | 


CHAP. IV. 
Concerning the chief Properties of the Yyperbola, 
NC TE, any Part of the Axis of an Hyperbola, which is int 


cepted between its Vertex and any Ordinate (viz. any it 
tercepted — is call'd an Mella as in the Farabols 


Seer. x. 


The Plain of every Hyperbola is irie by this gener 


heorem. 


As che Sum of the Tranſverſe nd any ; iſa, me 

tiply'd into that Abſciſſa : is to the Square of its 9 

Theorem mi-ordinate :: ſo is the Sum of the Trenſverſe a 
any other Abſciſa multiply'd into that Alſciſa: 

- the Square of its Semi- ordinate, F 


- 


lte 


7 If 


16 


(hap 4 _ concerning the Pyperbola. 
That is, if TS be the Tranſverſe Diameter; 
§ a, S A Abſciſſæ. 
An 47545 B A Semi- ordinates. 
* 78 + 8 a 
Then 89 T4 —TS4+-$84 


And it will be 
ax SA: U: TAX SA: OB 4. 


That is, 


„ OO ——0 


wk; 


4 5 
Demonſtration. 

Let the following Figure HY G repreſent a Right Cone cut into 
tro Parts by the Right Line $ A4; then will the Plain of that 
Lction be an Hyperbola (by Sect. 5, Chap. 1.) in which let 8 4 
| its Axis, or intercepted Diameter, ba band B AB Ordinates 
rehtly apply'd (as before in the Parabola) and T S its Tranſverſe 
Dameter. Again, if the Cone is ſuppos'd to be cut by hg, paral- 
k to its Baſe H G, it will alſo be the Diameter of a Circle, c. 
s in the Ellipſis and Parabola. Then will the a $ gaanda SGA 
tralike, alſo the A Ta h and A TAO T 
vill be alike ; therefore it 1 
jill bes 182: 4g :: S4: 40 

And] 2 Ta: 1 * 

1 Sa X AG SAN42 

1 * ATX AH TA x42 
iXal ; . 


SAXTAXagXab 
But] 6 ag X ab = U. ab 1 
And 47 X AH — U 4 B 3 SJ 
| per Lemma Page 363. 
= SaxTaxOAB= C 
56, ) 8A SAX TAX UA HN 
| | | . which give the following ra | 
. e Sd XTa: 0 ab: SAX TA: O45, &c. 
Q Ei D. 
D d d 2 Theſe 


——— - —ſ — * e — 1 eras —— — 
338 _ Conick Sections. Part I 
| Theſe Proportions are the common Property of every line 


zola, and do only differ from thoſe of the Eliphs in the Sens J St 
IT and — ; as plainly appears in the fu be 
| lowing Proportions, That is, if we licht 
N poſe 7 8 the Tranfverſe Diameter com nm 
13 mon to both Sections (viz. both the Elf 
A = and Hyperbola) as in the annexed Scheme 
121 . then in the Ellipſis it will be 77 5M 
N „ 
, 2s by Ses. I, 2. and in the Hyper 
: 7 b thitis + Sax ba: I ab:: T$+5 
| | AX XSA4: A B, as above, Therefore al 
7 Vj that is farther requir'd in the Hyperlyl Supp 
nn may (in a manner) be ſound as in the f * 
5 i bipfis, due Regard being had to changing q | " 
the Sings, : | oy 
| | ME (82 
Sect. 2. To find the Latus Rectum, or Right Parametr]WM 1. 
5 of any Hyperbola, I 
From the laſt Proportion take either of the Antecedents and it f 
Conſequent, via. either T a x 8 a: U ab. Or TAX SI: . 
to them bring in the Tranſverſe T 8 for a third Term, and b oy 
thoſe three find a fourth Proportional (as in the Ellipfis) and th Sh 
will be the Latus Rectum. . 3 nde 
2 . 23 . 79. HN ua = 
” a. eee == the Latus | _ 
RT ' Re&um, which call L (as in the Parabola.) zerfor 
Then] 21TS:L::TaxS$Sa: O ab. ade 
But] 3 Ta S4: Qab::TAXS A: DU 4 B, therefoſ Circle 
2, 3 ANS: L:: TA. * 
e Has <s Eh Tan pac MT icht 
SEA 5 f Paint 
Conſequently L is the true Latus Rectum, or right Parameteſ wil 
by which all the Ordinates may be found, be to its Def 
nition in Chap. 1. And becauſe 78 +8 a = Ta, let it be . 5 
Sa inſtead of Ta, then 1t will be == 5 Land int * 
1 „„ t 9 
Ellipſi it would be NF R=. : 
5 Cw 


Ge 


— — . — — — . ( vo 9G oonarn er Rl. - — — 
— — — — — — >a 
— - ** 


[I TIT * 


d. concernin the erbola. 28 
(hp. 4 3  Dyp 389 


Seft. 3. To find tbe Focus of any Hyperbola. 
The Focus being that Point in the Zhperbola's Axis through 


.ch the Latus Rectum mult paſs (as in the Ellipſis and Parabola) 
| may be found by this Theorem: 


To the Rectangle made of balf the Tranſverſe into 
F the Latus Rectum, add the Square of half the 
Cheozem. <Tranſuerſe ; the Square Reot of that Sum will be the 
 # Diſtance of the Focus from the Coney of the * 
perbola. 
Demonftration. 


Guppoſe the Point at F, in the annex'd Scheme, to be the Focus 
"wi then will FR = TL. Let T GC = : | 
(8 he half the Tranſverſe ; then is the Point 
(call'd the Center of the Mperbola (for a Rea- 
un that ſhall be hereafter ſhew'd.) Again; let 
CS gd. and 8 F=a 
Then] 1 24: L::2d Fax 4: 1 LI 
5 is, [2 TS: L::TSESPFx FS: FER 
32d L= ⁊2da + aa 
55 414d d L==dd +2da ＋ aa 
17 27772 =d +a = FC 
5d 0] /4i4idL —d=a = & F 


la the Ellipſis tis, 24: L:: 2 4 Xa: 44 that i is, id L = 
u—aa, &c. | 
The Geometrical Effection of the laſt Theorem is very eaſily 
xerform'd, thus: make Sx=== L, viz, half the Latus Rectum; 
na let CS = 4, as above, Upon Cx (as a Diameter ) * a 
Cirle, and at & the Verte by gy the Hy- A 

naa draw the Right Line = & N at 
Nieht Angles to Cx; then join the 
hints CM with a Right Line, and 
will be CN=d + a= FC. 


4 


3 


3 
„ — 


r 


for 


For| 1] CS : SV:: SN. Sx, per Fig. 
Tar | 217: 82: SN: 4 L we 


a tN=00N BET 
E dd 24 L=O CN e A 
* aT 42 CN= d+a, Ec. 
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Now here is not only found the Diſtance of the Hyperlyly'; n, 
eus, either from its Center C, or Vertex &, but here is alſo ba 
that Right Line uſually call'd its Conjugate Diameter, 952 10 
Line » 5 N, which bears the ſame Proportion to the Tranſen 
and Latus Rectum of the FHyperbola, as the Conjugate Diamete; 
the Elligſis doth to its Tranſyerſe and Latus Rectum. For in thy 
_ #llpſis TS: Nn:: NN: L R. per Sect. 2, Pag. 363, Conſequent 
Iy 2 78S: 2 Nn: : 1 Nn: 1 LR. But g TS d, * Nu 8 N 
and 1 L R ZIL. Therefore d: & N:: S N: 4 L. As at th 
2d Step above. | _ 2 
What Uſe the aforeſaid Linen $ Nis of, in Relation to the 
Hperbola, will appear farther on, 
l 


Seck. 4. To deſcribe an Hyperbola in Plan. 


In order to the eaſy deſcribing of an Hyperbola in Plano, it wil 
be convenient to premiſe the following Propoſition, which diffe 
from that of the Ellip/is in Se, 3, Chap. 2, only in the Sn. 

[If from the Foci of any Hyperbola there be dr, 
3 | FO Right Lines, /a as to meet each other in an 
| P2opolition, Point of the Hyperbola's Curbe, the Difference » 


i thoſe Lines (in the Elligſis *tis their Sum) will be: 
Lguel ta the Tranſverſe Diameter. 5 

That is, if F be the Focus, and it be made C f= CF (a 
the laſt Scheme) then the Point f is faid to be a Focus out of thi 
Section (or rather of the oppoſite Section) and it will be fB - 

FB—=TS. 1 : 

| Demonſtration. 

75 Suppoſe f C, or CFD x, and S A x, let CS, or TC =d 
as before; then will F A g dA K ＋ , and FA = d + x—2 


Again, let FB = b, and f B b, then 24 = h — 6, by th 
Propoſitin. = 


From theſe ſul}/tituted Letters it follows, 


That] 1% + 24x T 2dæ + xx + 2zx 422 = D f4 
And|2 dad + 2dæ — 24s ＋ xx -. 2zx + 22 = OF 
But FAN UAB, and f4+0 4B=D0F: 


© Per 4th 
Ann >| - ddd L dad e ν Cx. 


of 440i 


z 


concerning the Pyperbola. do 
N . 


6 24: L:: k Xx: U AB, by common Properties 
7 12 2 2dr Tax: UAB = LC 
1 FOR. AER * 


-=DAB.. | 
+ x L 2zx+22 + ; 


- $70 2dezx 42x 2d) ddr __ | _ 
| — 
1 — =0/4+0 4B = 
; \ dd 4-2dsx—2dz+xx—2zx4 z$- | 
—204x — ddxsx 
1+ + penn 55 24 K. Ae =O F440 AB=b 
(+ 4, d 11% 24*%2+2ddtx + ddxx + 2d%%x + xxxx bb 
b 124. — 24. —-24dæx-T-ddxx T adxx CTX = Ae], 
1w* 13 dd EdxX -N dh [ Altho" the LEquation at the 
It w* | 14] dd—dz T = db 16th Step be in itſelf impnſſi- 
2* LE 5, becauſe 2 is greater than 
3 ＋ 4 15 41 4 7 8 d (by the 4th Step) yet from 
7 | — thence it wwill be eafy to con- 
2 1d 161 d—2— = wb Jclade, that the Difference be- 
2 K . 4 
, 3 tæabeen dandy + = wil 
Ib, OrJl 5 
81 . give the true Value 7 b; as, 
15—17 I8124 = h - —b 65 the 17th Step. 


_— 


— 


— 


Bat bad 1 ok leave no Room for the Learner to doubt 


bout changing the Æquation, d — & — 7 5 into that of 


+> 4 2 B, it may be convenient to illuſtrate the whole 


meh in Numbers, whereby (I preſume) *twill plainly appear 
dat h — b = T'S, 

In order to that, let the Tranſverſe T $ g d =12, then d = 6 
ligoſe the Abſciſla S1 = x = = 4, and the Semi-ordinate AB=3 


Firſt) 7 7540 FFT XS A: o4B:: TS: . per Sec. 2. 
I viz, [2112 } 4X 4 649 12: 1,0875 == 
Again | 3 VAI 3 d FT a — C F, per Sect 3. 
\ UL. : v 3045, 0025 ,408 = CS = 2 : 
Then | 5 —"16,408 = =f A 
And] o I 6-F-4 - 6,408 = 3-592 > F A 
5 G 
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by Points, when the Tranſverſe Diameter and the Focus are give 
cedent Rules) thus: 


of the given Tranſverſe T $, and from 
its extream Points or Limits, viz. TS, ſet rf 


within the Section, as before); that done, 


an Arch of a Circle; then from that Ra- . 
dius take the Tranſverſe TS, making . F * 
their Difference a ſecond Radius, with # 13 


there are, and ncarer they are together, the better) which being a 
Join'd together with an even Hand (as in the Parabola) will for 


eaſily deduced from what hath been already ſaid. 


— le 


5 &* 7 269,2224 = OD fA- 

6 * ; 12,9024, = U] FA dec 
But | 9 = U A B, for A B - 2. 3 by Suppolition, 

» + 9 8 258,224=0 f4+ 0 EB HVB 

8 + 9111 219040 FATOMP=OF8 The 

10 w* 112 16,68 —=f B E Cu 

11 un 13 468 = =: FB wore 

1213 141 12,00 =fB— FB = 1e. Which was 2 


— renee i emo — 


W 


II this Propoſition be truly underſtood, it muſt needs be eaſy t 
conceive how to deſcribe the Curve of any perbola very readi 


any other Data by which they may be found, as in the pr 
Draw any ſtreight Line at Pleaſure, and on it ſet off the Leng 
off Tf S F, the Diſtance of the giv- 
en Focus (vix. the Point F without, am F 


upon the Point F (as a Center) with any 
aſlum'd Radius greater than 7 &, deſcribe 


which, upon the Point F within the „ . 
Section, deſcribe another Arch to cut or 1 8 : 
croſs the firit Arch, as at B; then will that Point B be in tl 
Curve of the Lhpertala, by the laſt Propoſition. And theref 
'tis plain, that, proceeding on in this Manner, you may find: 
many Points (like B) as may be thought convenient (the mo 


the Fyperbola requir d. 

There are ſeveral other Ways of dlicaning an Zhperbula | 
Plano: One Way is, by finding a competent Number of Cu 
nates, as by Section 1, &c, but I think none fo eafy and expeditiou 
as this mechanical Way: I ſball therefore, for Brevity's Sake, pa 
over the reſt, and lng e them to the Learner's Practice, as bein 


$4 


&&t. 5. To draw. a Tangent to any given Point in the 
Curve of an Yyperbola. 


The drawing of a Tangent, that will touch any given Point in 
, Curve of an yperbola, may be eaſily * by Help of a 
rem ; as in the Ellipſis, Sect. 6, Chap. 2 

D=TS the Tranſverſe Dianiter. 
+ L = the Latus Rectum. 

= S A the Abſciſa, | 

a the Bille between the 
12 Ordinate and that Point 
1 in the Tranſverſe cut by 
. the Tangent. 
Then, if y be given, 2 may be found by 

n 12 = [which diff 
Is Theorem, * z [which differs "= TX 
m that in the Ellipfis only 1 in | Signs. Fade e 
1 371.1 
i 2 be given, then y may be found by this Theorem : ; 


* 


Demonttxation. 


Draw the Semi-ordinate b a, as in the Figure, and 
bs 7 an infinite ſmall Space between the two Semi: ordi- 
5 nates ; as before in the Ellipfts, &c. 


Then | 1jD: L:: Dy): U AB 

* 2 TS: L: 225 Xx SA: AB 
5 Den 

Again] 40 D: A : Dy +35 — 29x — Dec xx: nat 


hat is, 5 78 ::TS+ 8a N Qa 
16 Ee Eh 2 EAA 


— 


Figure © 44 viz. PA: AB: PA 25 
in O's} 8 EE: U 1B: : 2$2=——=2 23x LCR: a ab 
uppoſe | 9 ix=0 and every where oe (as in the Ellipſis 


n 359 Ry Fa DEE: : ZR=—2 2: Oab 
$10 115 e eee "=Dab 


Eee „ 


=) 
rs 

LE 
. 


— 
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| DyLyzyyE—23L-DL_ 

1 E Ws wy 

| G, 1ſt ——— 5 
| * | | DE x . H 
| 12 reduced 13 D z—+2y==D y.4 yy nt 
| 13 Analogy 14 CO ET S EEE: SA:: TA: eee 
if | 2 3 „ich; | 5 ts C 
| 135 D 15 [= TD which is the firſt Theorem. | F 7 
| 


133 16 % ee D x 
8 | | Dn 4 NO Ronen f 
17 w {180+ DEN 7 


18 2 19 


— In > 
* p — 
——ů— — — 


— — — — 


—— 


5 41 5 1 which is the f 


_- ——— CAGE == 
_ — — — — — 


— — — fu 
- ——— 


cond Theorem, 


x = 


The Geometrical Effection of the firſt of theſe Theorems | 
very eaſy ; for, by the 14th Step, tis evident that there are thr 
Lines given to find a fourth proportional Line. [By Prublm 
Page 308. 1 


* 


— 


1 
7 
; 1 
, . 
1 
ol 
ö 
"1 
; 


Scholium. 


From the Compariſons, which have been all- along made int 
Chapter, between the Fyperbola and the Ellipfis,” twill be e 
| (even for a Learner) to perceive the | 
Coherence that is in (or between) thoſe . : 
two Figures; but, for the better under- 2. = 
. ſtanding of what is meant by the Center. 1 

and Aſymptotes of an Iperbola, confi * tet hi 
deer the annex'd Scheme, wherein it is 
evident (even by Inſpection) that the 
oppoſite Hyperbola's will always be alike, 
becauſe they will always have the ſame 
Tranſverſe Diameter common to both, c. 
(fee Sect. 1, of this Chat.) Alſo, that the : 
middle Point, or common Center of the - 
Ellipſis, is the common Center to all the 
four conjugal Hpperbolas. | 

And the two Diagonals of the Right-angled Parallegrl 

which circumſcribes the Ellipſis (or is inſcrib'd to the four 
perbola's) being continued, will be ſuch Ahmprotes to thoſe Hit 
bala's as are defined Chap, 1, Sed. 5, Defin, 4. 


Cel 


[9 


8 concerning the Dyperbola. 


=. SI . 3 OY 


Gaps 4. 


et, 6. To draw the Aſymptotcs of any Pyperbola, &c. 


Having found the Latus Rectum (by Sect. 2.) and the Conju- 
te Diameter inzsS Nin its true Poſition, by Sect. 3. Then, thro! 
te Center C of the Hyperbola, and the extream Points nz NM of 
b Conjugate Diameter, draw two Right Lines, as C M and C x, 
afnitely continued (as in the following Figure) and they will 
| the Aſymptotes required. That is, they are two ſuch Right 
[is as, being infinitely extended, will continually incline to the 


bes of the Zyperbola, but never touch them. 


Demonttration. 


Suppoſe the Semi- ordinates 4 b and A B to be rightly apply'd 
p the Axis TA; and produced both Ways to the Ahimptotes, as 
fg and F; then will the A CSM, aCag, and ACA G be 
luke. | 


Let d CSS FTC. And L = the Latus Rectum; as before. 


| e & 4 PS " d 48 =Ca, 
* 8% de Ale. Then J 4 f S Ci. 

Then} 1d: S V:: de: à g. viz. CS: S W:: Ca: 4g 
zn U's] 24 d: US N: : Cd ＋Æ2de Tee: O4 

but | 3 L= Upper Sec. 3. 

1 944 r ag 
Again 5 
6 


* 


— — ů —3*——— — i ar eee 
— — — - 
3 


2d: L:: 2de Tee :Qab, per Sect. 2. 
n ab 


by 
| 


1 ag 4 Fg 


11 IBF 5 = dL . 
124%: SM. :dd4-2&y+y: UA 1 8 
Je: S: C: 046 7 4 Oba 
þ12*,*,13 ad L +2ay 75 2 2 46 4 1 
2 1 


: 2&y+yy: U AB, per Scct. 2, 
425 3 2 4B 


E e e 2 13—15 
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TS _— ͤ . 16 = AG— 0 AB 
17{AG+ AB=BF | 

; Alſo 4 18 46 — AB Sp G Nber Fig. 
17 x 1819 0.46 — DO AB=B Fx BG 
16 19]20o|[BFX BG=3dL 25 


5 2 = I | And B G = 


11,820 *,* 21 
F=z 


2 4 — — 


From the laſt Step *tis evident, that the Ahmptotes are neare 
the Hyperbola at & than at g, and conſequently will continuall 
approach to its Curve: For B F) =d L (=B G is leſs than 
3d L. (b g, becauſe the Diviſor B F is greater than the Di! 

for b ; and it muſt needs be ſo where-ever the Ordinates ar 
producid to the Ahmptotes, from the Nature of the Triaugt, 

Again; From the 7th and 16th Steps 'tis evident, that th 
Aſymptotes can never really meet and be co-incident with th 

Curve of the Hyperbola, altho' both were infinitely extended, be 
cauſe 2 4 L will always be the Difference between the Square « 

any Semi-ordinate and the Square of that Semi- ordinate, when 't 
produc'd to the Ahmptote. 


Cnſectary. 


From hence it follows, that every Right Line which paſſes thr 
the Centen and falls within the Ahmptotes, will cut the Hyper 
Bela; and all ſuch Lines are call'd Diameters (as in the Elly 
becauſe the Properties of the Hperbola and Ellipſis are the ſame 


Note. Every Diameter, both in the Ellipſis, Parabola, an 
Hyperbala, hath its particular Latus Rectum and Ordinate 
which (ſhould they be diſtinctly handled, and the Effection of 

ſuch Lines as relate to them, as alſo the Nature and Properties 
ſuch Figures as may be inſcribed and circumſcribed to all the dect 
ons, with the various Habitudes or Proportions of one /7perbih 
to another, &c.) would afford Matter ſufficient to fill a large Ve 
lume. But thus much may ſuffice by way of Introductiam; I ſhalf 
therefore deſiſt purſuing them any further, being fully ſatisHed 
that, if what I have already done be well underſtood, the rel 

| muſt needs be very eaſy to any one that intends to proceed far 
ther on that Subject. es e a 


A! 


CCC, 3 
NTRODUCTION 


* 


Mathematicks. 
r 


4 HE Method of finding out any particular Quantity (viz. 
th 1 either any Line, S:perficies, or Solid) by a regular 

| 5 Progreſſion, or Series of Quantities continually approach- 

: yz to it, which, being infinitely continued, would then become 

* erſectly equal to it, is what is commonly call'd Arithmetict of 


kfutes ; which I ſhall briefly deliver in the following Lemma's, 
nd apply them to Practice in finding the ſuperficial and ſolid 
Contents of Geometrical Figures farther on. 


= x LEMMA I. 85 
er iny Series of equal Numbers (repreſenting Lines or other 
1905 Dango) 23,7; x. J- 1.60722. 2, A- Ts. or 


ame 3. 3. 3. 3. Cc. if one of the Terms be multiply'd into the 
Number of Terms, the Product will be the Sum of all the 
Terms in the Series. 

This is ſo very plain, and eaſy to be underſtood, that it needs 


of v Example. 

16S C | 

”- WM LEMM A IL 4 8 

1 the Series of Numbers in Arithmetick Progreſſion begin with a 
ha Cypher, and the common Difference be 1; as, O. I. 2. 3. 4. Sr. 
el Lepreſenting a Series of Lines or Roots beginning with a Point) 
* i the-laſt Term be multiply'd into the Number of Ferms, the 


Product will be double the Sum of all the Series. 
That is, putting L= the laſt Term, N = the Number of 


ms, and 8 = th2 Sum of all the Series: | 
| Then 


| 
| 
| 
| 
| 
| 
| 


— ¶ — — — — rr 


If a Series of Squares whoſe Sides or Roots are, in Arithmetic 


That is, the Sum of ſuch a Series will be one Third of the k 
br greateſt Term, ſo many times repeated as is the Number « 


W „„ 
2. 
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Then will NL =28, Conſequently, XN LSS. 
viz, one Half of ſo many times the greateſt Term as there 3 


Number of Terms in the Series. | 
Thu 1+ 2+344 _ Io == the Sum of the Series = 2 Y 
4 ＋4 4+4+4 20 NI. 
And this will always be fo, how many Terms ſoever there arg 
by Conſe. 1, Page 185. | 
LE MM A III. 


Progreſſion, beginning with a Cypher, &c. (as in the laſt Len 
ma) be infinitely continued; the laſt Term being multiply 'd in 
to the Number of Terms will be Triple to the Sum of all th 

Series, vis. VI L= 38, or z3NLL SS. 


Terms in the Series. 
| = Inflances in Square Numbers, 
% 


— — 
ua \ 


1. — 
La+4+4 „ 


— — ; 
— — woos —— — — 


E ros 30 18 3 18 


3 VV orel 
= * — — — 2 — — — | Oc. (ON 
{ 16-4-16-+16+16 30 9 4 24 A 
From theſe Inſtances tis evident, that, as the Number of Term Thi 

in the Series does encreaſe, the Fraction or Exceſs above 3 dor 0 
decreaſe, the ſaid Exceſs always being 8 — mow which, if we ſup E 0 
poſe the Series to be infinitely continued, will then become ini, ( 
nitely ſmall, viz. in Effect nothing at all. Conſequently, NA 2 
may be taken for the true or perfect Sum of ſuch an inf. 11 
Series of Squares. 56 
8 ED LEMM A IV. leſt; 
If a Series of Cubes whoſe Roots are in Arithmetick Progreſſon the: 
beginning with a Cypher, Ec, (as above) be infinitely continuo t 
the Sum of all' the Series will be MLLL ==S. | a 
That is, one Fourth of the laſt or greateſt Term ſo many tima; lin: 
repeated as is the Number of "Terms, "Th 


Inſlanct 


e Superficies ad Solids 795 


Inſtances in Cube Numbers, 
Ifo.1.2. 3. Cc. be the Roots of the Cubes. 
11 f 0+ 1+ 84279 36 4 1 1 

Then I " 9 


> 2 


— oy — —— 
27 ＋7 +27 +27 108 „„ 


| o+- 1+ $4-29464 106 10g + x 
3 | CCC 


> ara 


644-64464464+64 320 32 16 4 16 
o+ 1+ 8+ 274+ 64125 225 45 3 6 „ 


Yagb125+1254125+1254125 770 120 1 90 © 20 


From theſe Examples it plainly appears, that, as the Number of 
Terms in the Series encreaſes, the Fraction or Exceſs above + de- 


, . . 1 
reaſes, the Exceſs being W 


- which, if we ſuppoſe 
ke Series to be infinitely continued, will become infinitely ſmall, 
nr rather nothing; as in the laſt Lemma. Conſequently, 4 NL 
UL may be taken for the true and perfect Sum of all the Terms 


n ſuch an infinite Series of Cubes, 


LEMMA V. 

Fa Series of Biquadrates, whoſe Roots are in Arithmetick Pro- 
greſſion, beginning with a Cypher, &c. (as before) be infinitely 
continued, the Sum of all the Terms in ſuch a Series will be 
NL“. 


The Truth of this may be manifeſted by the like Proceſs as in 
te foregoing Lemma's, and fo on for higher Powers. But if any 
me deſires a farther Demonſtration of theſe Series, he may (J pre- 
line) meet with ample Satisfaction in Dr. I/alls's Hiſt, of Alpe- 
, Chap. 78 & 79, within the Dr. concludes with theſe Words: 


Thus having ſhew'd, that in a Progreſſion of Laterals (or 
Arithmetical Proportionals) beginning at o. the Sum of 2. 3. 4. 
5. 6 Terms, is always equal to half of ſo many times the great- 
elt; and there being no Pretence of Reaſon why we ſhould 
| then doubt it in a Progreſſion of 7. 8.9. 10. Sc. we conclude it 
lo to be, tho ſuch Number of Terms be ſuppos'd infinite. 
Again; in a Progreſſion of their Squares having ſhew'd, that 
1 2. 3. 4. 5. 6 Terms the Aggregate is always more than one 

Third of ſo many times the greateſt, and the Exceſs always ſuch 

| 3 5 aliquot 


ö 


* 
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pos d infinite, ſuch Exceſs muſt be ſuppos'd to vaniſh, and thi 


< doth (as the Number of Terms encreaſes) approach infinitely ne: 


< wards as we pleaſe to try; and there being no Pretence of Rez 


e quadrates F3 (of ſo many times the greateſt) and ſo onward 
« infinitely. 5 


ſuppoling it may give ſome Satisfaction to the Learner, to hear { 


If any two Series or Ranks of Proportionals have the ſame Num 


« aliquot Part of the greateſt, as is denominated by ſix times i 
Number of Terms wanting 1. (As, if the Terms be , 
« it is 4 +2 ; if three it is 4 + 143 if 4, it is 4 1 ; if 

de it is + + x4 of ſo many times the greateſt Term, and ſo on 
« ward) we may well conclude (there being no Pretence , 
tc Reaſon why to doubt it in the reſt) that it will be ſo, how ma 
e ny ſoever be ſuch Number of Terms. And becauſe ſuch Exceß 
<« as the Number of Terms do increaſe will become infinite! 
« ſmall (or leſs than any aſſignable) we conclude (from th 
« Method of Exhauſtions) that, if the Number of Terms be fur 


« Appregate of ſuch infinite Progreſſion ſuppos'd equal to * 0 
« ſo many times the greateſt, | 
< In like manner having prov'd that ſuch Progreſſion of Cube 


<« to + of ſo many times the greateſt, and of Biquadrates to *, ani 
© ſo of Surſolids to F of ſo many times the greateſt, and fo on 


c ſon why to doubt it as to the reſt, we may take it as a ſufficien 
< Diſcovery; that (univerſally) the Aggregate of ſuch infinit 
cc Progreſſion is equal (or doth approach infinitely near) to ſuch 
“ Part of ſo many times the greateſt, as is denominated by th 
« Exponent (or Number of Dimenſions) of ſuch Power (as i 
cc that according to which the Progreſſion is made) encreasd b 
<« x,.namely, of Laterals 2x; of Squares + ; of Cubes 4; of Bt 


This Diſcourſe of the Do&or's I thought convenient to inſe 


Great a Man as Dr, Wallss Argument about the Truth of thel 
Series, which I have briefly deliver'd in the *foregoing Lemme's. 


LEMMA VL 


ber of Terms (whether Finite or Infinite) it will always 
Cs the firſt Term of one Series: is to the firſt Term of thi 
be 7 other Series:: ſo is the Sum of all the Terms in the one de 

ries: to the Sum of all the Terms in the other Series. 
5 (12,45 


A 


IN 


ts es. th, 


* 


V in theſe Numbers, 1 3 Or theſe Numbers, HF FS 
__ py OG | 115 

n VVV 168 of * Soo 
515 8 0 324 4% 
4 db q | 972] 1215 
; Flat is, 1: 2 21:63 And 4:5 :: 1456: 1820 Ce. 
n Tre Application of theſe Lemma's to Geometrical Quantities, 


i to Lines, Superficies, and Solids, wholly depends upon grant- 
ps the following Hypotheſes, : x 


We Pypotheſes. 


. That every Line is ſuppos'd to conſiſt (or be compos'd) of 
on infinite Series of equidiſtant Points. | | 


ue requires. FR 
3 A Solid to conſiſt of an infinite Series of Plains, or Superfi- 
is, according as its Figure require. 


a Space or Superficies; or that Plains, which have not any 
ickneſs, can conſtitute a Solid: But by what we here call Lines 
ar 088 to be underſtood ſmall Parallelograms (or other Superficies) 
tnitely narrow, yet ſo as that their Breadths, being all taken and 


ll uu. And thoſe Plains or Superficies, which are here ſaid to 
nſtitute a Solid, are to be underſtood infinitely thin; yet fo as 
lt their Depths or Thickneſſes (which are hereafter alſo called 
tes) being all taken together, muſt be equal to the Height of 
r propog'd Solid. Now, in order to render this Hypotheſis as 
If for a Learner to underſtand as I can, I ſhall here propoſe a 
ty plain and familiar Example; Viz. Let us ſuppoſe any Book 
de compos'd (or made up) of 100, 200, 300 (more or leſs) 
ares of fine Paper; ſuch a Book, being cloſe put together, will 
ne Length, Breadth, and Depth or Thickneſs, and therefore 
(not improperly ) be called a Solid; and each of its Edges 
king evenly cut) will be a Superficies compos'd of a Series of 
all Parallelograms, every one of their Breadths being only the 
de of a ſingle Leaf of Paper; and if we conceive the Thick- 
8 of every one of thoſe Leaves to be divided into 10, or 
| | 1: "300, 


app d to Superficies and =,v1;0s. 401 


1, A Surface (viz. the Area of any Figure) to conſiſt of an in- 
ien te Series of Lines, either ſtreight or crooked, according as the 


Not that we ſuppoſe Lines, which have really no Breadth, can 


t together, muſt be equal to the Figure they are ſuppos'd to 


— I Re ee ALOE 


— 
— — —— 


one may, without the leaſt Prejudice to any Demanſtratim, ad mi 


of the following Definitions and Theorem. 
Definitions. 


pos'd or fill d up with an infinite Series of equal Right Lines! 


nite Series of Right Lines parallel to its Baſe, and equally decrc 


Baſe : That is, 


cluded with fix equal ſquare Plains. 


or Ends. | | in, 
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— . ... ͤ —ę—üp:ñ—ẽ— ̃— ͤ — | 
Ioo, or 1000, &c. they will then become ſuch a Series of in 
finitely ſmall Lines as are (by the Hypotheſis) faid to compoſ 
or fill up a Superficies. And all the Superficies of thoſe infinite) 
thin or divided Leaves of Paper will become ſuch a Series gf 
Plains, or Superficies, as are ſaid to conſtitute a Solid, viz, ſuch 
Solid as the Bigneſs and Figure of that Book, 


| Now according to this Idea of Lines, Superficies, and Sclias 


I. The Area's of Squares, and all other Parallelograms, are com 


II. The Area of every plain Triangle is compos d of an inf 


ſing until they terminate in a Point at the vertical Angle. 


III. The Area of a Circle may be compos'd either of an infini 
Series of concentrick or parallel Circles, or of an infinite Serif 
of Chord Lines parallel to its Diameter, or of an innumerable M 
titude of Sector s. 5 Ce | 


IV. The Area of an Ellipſis may be compos'd either of an i 
finite Series of Ordinates rightly apply'd, or of an infinite 
ries of Right Lines parallel to its Tranſverſe Diameter, 
V. The Area's of the Parabola and Hyperbola are compo! 
of an infinite Series of Ordinates; or may alſo be compos d 


Right Lines parallel to its Axis, &c. 

VI. A Priſn is a ſolid Body contain'd or included within ſe 
ral equal Parallelograms, having its Baſes or Ends equal a 
alike ; and it is generally nam'd according to the Figure of 


; & + 


VII. A Cube (or Solid like a Dye) is a Priſm bounded ori 


VIII. A Parallelopipeden is a Priſm that hath its Sides bound 
or included within four equal Parallelograms and two ſquare Da 


| IX. A Cylinder (or Solid, like a Rolling-ſtone in a Garden) 
caly a round Priſm, having its Baſes or Ends a perfect ee 


( -» 
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1 1 

in | X. The Solidity of every Priſm is compos'd of an infinite Se- 
oO z of equal Plains, parallel and alike to that of its Baſe, , 
el u. A Pyramid is a Solid bounded or included within ſeveral 
1] kin Triangles. ſet upon any Polygonous Baſe, having their verti- 


al Angles all meeting together in a Point, called the Vertex, and 
ales its Name from the Figure of its Baſe, « viz, if it has a ſquare 
Bife, tis call'd. a ſquare Pyramid; ; if a 1 Dale, * tis calPd a 
trangular Pyramid, —_ 
XII. A Conc is on bo round Pyramid, a hath been already 
tefined i in Page 355, 
XIII. The Solidity of every Pyramid i is compos d or c 
pc an infinite Series of Plains, parallel and alike to that of its Baſe, 
qully decreaſing until they terminate in a Point at the Vertex. 
XIV. A Sphere or Globe (viz. a Ball) is a Solid bounded or 
xcuded- within one regular Superficies, being form'd or genera- 
xd by the Rotation of a Semi-circle about its Diameter (call'd 


# an infinite Series of concentrick Circles, whoſe Diameters ate 
de Chords of that Circle by which it was form'd. 


XV. A Spheroid (or Egg-like Figure) is a Solid boutided with 


1 
lircles, whoſe Diameters are the Ordinates of that Elipſi by 
wich it was form'd. 

XVI. There is another Sort of solid calbd an Oblate Stheraid, 
king form'd by the Rotation of an Ellipſis about its Conjugate 
Dameter, and it is like a flat Turnep. 

XVII. If a Semi- parabola be turn'd about i its Axis, will form 
Solid call'd a Parabolick Conoid, being compos'd or conſtituted 
fan infinite Urs of Circles, whoſe Diameters are the Ordinates 
fa Parabola. | 

XVIII. If a 'Parabola 3 turn d boi its Baſs, « or oreateſ} Ordi- 
te, twill form a Solid call'd a Pyramidoid, but moſt commonly 
i Parabolich Spindle which will be conſtituted of an infinite Se- 
tes of Circles, whoſe Diameters are * Lines parallel to the 
Parabola's Axis, 5 
XIX. If an Hyperbola be num About its Axis, 'ewill form a 
wlad call'd an Hyperbolick Conia, being conſtituted of an infi- 
lite Series of Circles whoſe Diameters are the Ordinates of the 


i)perbola, | 
FFT xx The 


te Axis of a Sphere) and its Solidity is compos'd or conſtituted 


me regular Superficies, form'd by the Rotation of a Semi-ellipfis | 
tout its Tranſverſe Diameter (calb'd the Axis of the Spheroid) 
ud its Solidity is conſtituted of an infinite Series of concentrick 


— * 
4 
— 
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1 
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cing the reſt, 


The Area of every Right-angled Parallelogram is obtain'd by mult 


' See Prob. 1, Pag. 339. 


Points a, a, az &c. and through F C 
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XX. The curve Superficies of all circular Solids (viz, Gin 


ders, Cones, Spheres, Ic. are compos'd of an infinite Series 0 
the Peripherics of thoſe Ciroles which conſtitute their Solidities, | 


Upon theſe Definitions are grounded all the following Thur X 9 
rems ; and therefore, if they were diligently compar'd with the; 
reſpective Figures, it muſt needs be of great Help to the Learner 
and would render all that follows very eaſy ; wherein I ſhall be 
gin with what hath been already demonſtrated, by way of introdu 


THEOREM T. 


pling the Length into its Breadth, 

That is, B Dx FB = the Area of the Parallelogram BD FG 
by Lemma 1, compar'd with De- - 8 

finition 1, i | 
es Example, 

Suppoſe B D=26, and FB=9, 

then 26 K 9=234 the Area. 


=_” 


be s) FFT 
1 i 


THEOREM IL. 


The Area of every plain Triangle is equal to half the Area of it 
circumſcribing Parallelogram: That is, . = the Aten 4 


2B CD, in the following Figurs. 


Demonſtration. 


Suppoſe the Perpendicular C4 to be divided into an infinit 
Number of equal Parts, as at the | 


| thoſe Points there were drawn CNS - 

Right Lines parallel to the Baſe ns ia „ Hen 
BD; (viz. ba d, ba d, ba d, &c.) AT [ <1 Te 
then will thoſe Lines be a Series c ade 3 
of Terms in Arithmetick Progreſ- | K V pr 


ſion, beginning at the Point C (viz. e ee, eee 
o, bd, 25 d, 3 5) d, &c. as is evident by the Figure, wherein 5 
this greeateſt Term = L, and CA the Number of Terms S 0 


ut 


— & uy 
* 


gut: NL &, by Lemma 2. And S the Triangle's Area 
« Definition 2. Q. E. D. 


| THEOREM II. 


e Peripheries of Circles are in Proportion one to another 6s their 
bs Diameters are. 


Demonttration. 


let the Periphery of a Circle be divided into any Number of 
zul Arches by Right Lines drawn from : 

te Center (viz. Rady) ſuppoſe em 8, 

zn the annexed Figure, wherein 4 B 


zone of them; then, if thro? any Point 6 
| the Radius there be drawn a concen- P 6 2 4 
Wick or parallel Circle, its Periphery \ X / 
[| al be divided into 8 equal Arches . - NN, 
(thoſe Rady, one whereof will be a b, : 3 / 
the A Cab will be like to A CA B. | ee 
rfore Ca: ab:: CA: AB, or Ca: CA:: ab: A B, 
nlequently 2 C4: 2 CA: : 8 4 b: 8 AB. But 2 Ca d a 
E Diameter of the Circle, whoſe Periphery is 8 a ö; and 2 CA 
DA, the Diameter of the Circle, whoſe Periphery is 8 A B. 
erefore, Cc. as by the Theorem. E. D 
| Example. 
Ii Chapter 6, Part III, it was found, that, if the Diameter of a 
ile be 2, its Periphery will be 6, 2831853, &c. Therefore, 
62831852, Ec. : : I : 3,14159265, &c. the Periphery of 
Circle whoſe Diameter is 1. ; 
D Corollary. 
we Hence is follows, that becauſe Unity, or 1, may be made the 
Term in the Proportion, therefore 3,14159265, &c. may be 
de a conſtant or ſettled Factor; which, being multiply'd into 
propos d Diameter, will produce the Periphery of that Circle. 
Nete, Inſtead of 2, 14159265, Sc. it may be ſufficient to take 
3514166. et 
M. Or 


But 


it 


a0 


nite 
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Or 113: * 5 Diam.: TINY 


equidiſtant Points, as a, e, y, &c. and 
then they will be a Series of Arches in 
pears by the Figure, wherein the greateſt 


the Series, by Lemma 2, and 8 S the Sectors 


the Area of the whole Circle. But 4 AB= 85 1 Circles! 


2 * * 


| Or, i in whole Numbers the Proportion. may be, 
As 7 : : Diam .: 8 Late Numbersmay TE 


andareoften uſed ; in co 
mon Practice, 


TH E OR E M IV. 

The Area of any Sector of a Circle is equal. to half th Ret 

of the Radius into its Arch. That i is, CA 5 1 
of ACP. 


— e . 


Demonffration. „ 
Sabots the Radius C A to be divided into an infinite Gels 


through thoſe Points there were drawn con- 
centrick or parallel Arches, as ab, e a, V &c. 


Arithmetick Progreſſion, beginning at the 
Point C (x, o, 1, 2, 3, &c.) as plainly ap- 


Term is A B L, and Number of Terms is 
CA = N. But x ML & the Sum of all 


Area, by Definition 3. F. D. 
Evimple, 


Let the Radius CA=t2, and the Arch AB= 8, den- 


2X 


In A 

248. or *2 x 8 = 48. oA X12 = 48; the Ara of 
Sector AC B. For 
THEOREM V. x of 


The Area of every Circle is equal to balf the Rectangle of 10 Rad 
mts its Periphery. That 16, according to Archimedes, 1 0 
is equal to a Right-angled Triangle, whoſe Sides containing 
Night- angle are equal, one to the Radius, and the other tl 
Perimeter of that Circle, Pro. x. de Dimenſione Circuli. 


The Truth of this Therm may be caſily « deduced from 
lat thus; If we ſuppoſe the laſt en! to be one n 0 


2. 


Circle, then it follows, that 


ripherv, and CA = = half its Diameter ; Therefore, &c. 1 
Theorem. * * 


"a 2 to e e and Solids. 
Example. 


— — 


Cc by Theorem 3. Then HET — 


2 1 = 0,785 39816, 
vc lor 0,7854 for common Uſe) will be the Area of that Circle. 
1 Scholium. 


| From hence naturally flows the following Proportion between 
2 Square and its inſcrib'd Circle, 
As the Perimeter (viz, the Sum of the four Sides) 
Popoztion. 305 any Square: is to its Area:: ſo is the Peri- 
phery of the inſcrib'd Circle: to its Area. 
That is, ſuppoſing AB = D = the Side of the Square, and 
v Diameter of its inſcrib'd Circle; | 
ten 4 D 1 the 8 D D = the 
ra of the Square, and 3,1416 D= the 
erphery of the Circle, nh; Theorem T: * Fro 7 
it 4D: DD : : 3,1416D : 0,7854 DD 
he Circles Area. And if D I; 5 


den 4 D = 4, and DD=1iX1=1, \ 
* 10 Periphery will be 3,1416. Then 
10,7854 &c. as in the Example 


3 And from hence may be eaſily 
bluced the following Theorems. 


THEOREM VI. 


ſi Area's of all Circles are in Proportion one to another as the 
Sguares of thar Diamaters. 2.4 0: 


For if D=the Diameter of one Circle, and d = the Diame. 


ie 


Vameter, and þ = the Periphery of another Circle; 


Then 1 x D X:P—*DP=A, the Area of one Circle. 
And | 213 X + 7 þ dp Da, the Area of the other Circle. 
* 4 2|D P— 4 4 (per laſt Theorem. 
* +] 4 dp = = 00 
j_ P—4< 
+D] = 


I the Diameter be Unity, or I, the Periphery 1 will b be 3,14159265 


r of another Circle, then will 0,7854 DD be the Area of one 
Licle, and 0,7854 4d will be the Area of the other Circle; as 
wore, But 0,7854 DD: 0,7854 4d : : DD: dd. Or thus, let D= 
ne Diameter, and P = the Periphery of one Circle; d = the 


 tiply'd into the Square of any propos'd Diameter, will produce t 


Suppoſing as before, 


% — 
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— 


4 — 5 . 
But 7 51 1 per Thegrgm 3 3. T 
| F 44.44 
e ee J 
' T0 +DD a=4 444, thats, D D, 
9, Analogy | 10 DD: 4: 4d: a, or 4: a::DD:ad 4 


FA 
» 4 4 41 7 os, Mad hd — ——__ — Q. E. ? | 
7 S * 33 15 — i | 
7 > k 


Hence it follows, that Weite the Square of 1 is 1 ( 
1X I= I) and 0,85 39816, Sc. or 0,7854 is the Area of t 
Circle whoſe Diameter is 1 (as before) therefore it will h 
1: 0,7854: : ſo is the Square of any Circle's Diameter: to i 
Area. And becauſe 1 is the firſt Term in the Proportion, there 
fore 0,7854 may be made a conſtant Factor; which, being mu 


Area of that Circle. 

Note, The four laſt Theorems do plainly ſhew the Reaſon « 
all the common or practical Problems about a Circle, which, fo 
the Learner's farther Satisfaction „I have here inſerted topethe 


0 * 


12 u 


: D — the Diameter 7 | | 
That *Y = the Periphery of any * Circle; Th 
A = the na. ; led: 
Probl. 1. D being given, to fad * a 


| Then #14: 3,1416 D: P, per Theorem 3. 
23,1416 D= =Þ 


Suppoſe D=32, Then 3 1416X32=100,531 

Kong 18 the Periphery. 2 x 
Probl. 2. D being given, to find A. nd th 
E : DD: A, per T heorem 6, dec, 

17 o 0,78 54 D DSA the 

Suppoſe D == 32 (as before) | the 
3 DDS. X 22 = 1024 hem 
Then | 0,7854 X $1024 = 804,2496, the Area requir'd, und 
And — roll. 3. P being given, to find D. 2 

h * becauſe 7,1416 — 9.41 3 N 

. Ax 15 207 TY 3 0, 3183 P= D. 7 


| This, Prin —— to the firlt, needs no Exam. 


28 2 


— — 3 


a_ 


| | | Prob, 4. P being given, to find 4. 
28 | 61 9,86965 DD = PP 


6 7 DD —— or 0, 10132 PP = DD 


586965 
121 8|DD==3c7 or 1,2732 A= DD 


For 55 = _— 
ö 1 Puke. £0 55 N n 
eral 10 len r or D = 1,27324 
mu 1 | 
4 Prob. 6. A being given, to find P. FOR” 
nN Ke. _ rigs = - 
, fq 3 


? * 1 
— — — — — 


Theſe ſix Problems contain al. the Variety that can be pro 
«kd about finding the Periphery, Diameter, and Area of any 


cle, 


fa Circle cut off by a Chord, that Work will require a farther 
mlideration. 

ft, As to the Data there muſt always be given the Diame- 
; or, either the Periphery or Area of the Circle, in order to 
id the Diameter. 

Sxondy, There muſt alſo be given, either the Chord, which 
the Baſe of the Segment, or the verſed Sine, which is the Height 
the Segment. That is, either BG, or A F, in the following 
ene, muſt be given; that ſo the Area of the A BCG may be 
und. Then it's evident (by the Figure) that, if the Area of the 
22 be taken from the Area of the Sector CBA, the Re- 


53¹ 


the Segment BAG be taken from the whole Area of the C ircle, 
«am Reminder will be the Area of the other Segment DBG. 


9 2 see 


But if it be required to find the Area of any Segment, or Part 


ram. 


2s Pp 


kinder will be the Area of the Segment BAG, And, if the Area 


—— mn — 2 — 
© = - + 2 — — - 
„ =D s - — = MCI + — 2 — 
„ * De — — — — * 
Mt > rene. — —— — — ä — — — 


n 2 


— i Ds: 
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Example in Numbers. 1% 
a 75 I 
Let there be given D A = 32. as in ＋ 
Prob. 1. and the verſed Sine A F=6; hok 
then 1 DA BC CA = 16, and hore 
CA—AF=CFf= io. Bit Oo BC an, 
— O CFS. BF. Conſequently eit 
EC- CF = BJ, vs. 156 quite 
12.49 = 3 F. : 
Then, by the Doctrine of plain Tri- Luar 
angles, the Arch BA B C A may © 5 | 
be found in Degrees and Decimal Parts. Thus BC: Radiu Ml 73 
BF: Sine & BC F = 51,31 Degrees, And then it will a y.;; 
ways hold in this Proportion Re "_y 
© As the Circle's Periphery in Degrees: is to its Peripher; WMTicr 
Via. equal Parts (according to the Dimenſions taken) : : & 
. Y the Arch in Degrees (viz. T BC 4 ) : to the ſame An 
in equal Parts. ny 
That is, 3609 100, 5312 :: 51,310: 14,3284 = B 
Then 14, 3284 X 16 = 229, 2544, the Area of the Sector BC 3 
and 12,40 10== 124, c, the Area of the A BCA. Their 5400 
ference 104, 3544 the Area of the Segm. B A G. 6570 
Or the Area of any Segment may be otherwiſe found (as me Then 
uſually it is) by a Table of the Segments of a Circle, whoſe Ari 
Unity, or 1. The Conſtruction or making of ſuch a Tabl: is ve 
well laid down in Mr. Darie's Book of Gauging, Chap, 9, which Y 
performs in this Problem, e A 
| Bui 
| PRO B L E M. ere i 
Tr a Circle whoſe Area is Unity, and its Diameter cut by Chard Li al 
into 1000 equal Parts, to find the Segment to any verſed Sin: N D, 
pos'd, not exceeding 500 of thoſe equal Parts. 6,2 
Io 12,8. 
1. Multiply the verſed Sine propos d by 0,002, and ſubtract 16 
Priduft from an Unit or 1. =, Son 5,1 
2. This Remainder you ſhall ſeek in the common Tabl: of 3554 
tural Sines, (the Arch being divided into Degrees and Centeſim 5755 
which being found, let its Co- arch be doubled, and called 4 0 
3. You muſt find the correſpondent Sine to A; which Sine be * 
found, you may call S, and then it holds 6, 283185 3) O, 017 Wy 


2925 4 8 (= the Segment required, 


— apy ts Superficies and Solids. T 


Now this Segment being 1 thus found, if you ſubduR it from an Us 
x, you have the & o-ſegment, &c. 

Nite, N otwithſtanding what has been ſaid in the ſecond Precept 
of this Problem, it very often falls out that the Remainder there 
hoken of cannot be truly found in the Table of Natural Sines; 
terefore in this Caſe my Advice is, that you make two Operati- 
ans, one with a Sine the next greater, and one with a Sine the 
ert leſs; and in ſo doing you will be ſure to have the Segment re- 
wired bounded between the Reſults of thoſe two. Operations, 


Example, Lat it be propoſed to find the correſpondent Semen to the 
verſed Sine 263. 


ut hs X 0,002 — 0,526, and 1 — 0,526 — - 0,474, its 
10h is 28 ,29* being leſs than 3 its Complement is 61,71, 
which, being doubled, is 123,42 = 
Then ,0174533 A=2 ,154086286 

=0,8340556=8 the Sinz of A. 


6,283185 3) 1,3194.30686 (o, 209993 the Segment. 


3 ow mate a ſecond Work, | 
575 I being multiplied with 0,002 is 526. and 1—526 0,474 its .., 
D % is 28,30? being greater than juſt; and its Comph nent is 


61,70%, which being doubled is 123,4= 4. 


Then 0,0174533 A 22, 1537372 
; — 8348478 & the Sine of 4 


6, 2831853) 1,3188894 (0,209907 the Segment. 
do you ſee by theſe two Operations that the Segment. is bounded, 
ud 'tis very probable it may be o, 20995. 
But to abbreviate this large Factor, and this large Diviſor, I ſhall 
tre inſert two Tables of them, which will be ready f for Uſe, and 
euct enough too, 


1 Lt 
ine f Tx | | | Factor. | = Thus far, Mr. Darie, which I 
6,2832|1] 91745331] have here inſerted to ſhew the 
125684 2 0340086 2] Learner how, by the Help of 
ae 8495 3 [5952 3599] 3 theſe two Tables, and a Table 
397 4 8069813204] of Natural Sines, he may eaſily 
3541595 „587 26655] make a Table of Segments, whoſe 
eſim 57599106 , 10471976] Uſe ſhall be ſhew'd farther on, 
4 823 7 122173007] viz. when I come to treat of 
ne be 526558 „13962638 practical Gauging. In the mean 
017 9548719 157079019 Time I ſhall here lay down ano- 


ther Method to find the Area of 
G 8 £ 2 | any 
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any Seg ment of a Circle (very near) by a new Mere 1 
the He Help either of a Table of Sins or Segment | — Oe] i 
Data as before in Page 404. = 

R= the Radius, or 4 Diameter of the given Circle, 

Viz. 92 the Difference between the uerſad Sine and Radius, 
C = half the Chord of the Segment's Baſe. ] 
Theozem. 7 = ** Dt _— ** C=8, the Aręa of the Sem. 0 
Erample, Suppoſe R = BC = 16, d FC IO, and : 
 C=BF= 14:40 ; as before YH 

Then 2+ AR = 597.3333. 1 1K 213,3333. ad = 100 

— 31353333 = I 7; Rd ＋ dd 6 

12 E +4= 34 284,0000 (8,3529. Laflly, $3529 X 1249 4 
= 103, 3276 the Area of the Segment BAG, as before 5 


THEOREM VII. 


As Squares are to the Area's of their inſcribed Circles, PP abs ; 
8 N to the Area's their incribed Ellipſes. 1 


25 As the Square o the Diameter of any Circle: is to its 1 
That i is, J Area:: ſo is the Rectangle of the Tranſverſe and Con, ue! 
| Jugate Diameter of any Ellipſis: to its Ho. = Ba 


Demonſtration. 


Circumſcribe any Ellipſis with a Circle; and ſuppoſe an ;nfinite 1 
Number of Chord Lines drawn therein, all para! el to the Con- © 
jigate Diameter, as thoſe in the annexed Figure; then it will Þ 

- As (DA) the Diameter of the Cirele : I 1% (N n) the 
by Conjugate Diameter of the Bllipfis :: ſ is (B aB ) any 
Chord in the Circle : to (b ab) its reſpective Ordinate in tbe 
Ellinfes. | . 

For . to the Property of the Circle SES 
it is|1\TS NTA = UBA | | ' 
And] [by the Property of the Ellipfes © BE 


it is 2] OTC: NM: Tax Ta: . = ; Wl 
* 


1, 2130. M: : OBA : a l 


2,Hence|4|TC: M:: Ba: ba / | 
Conſeq. 5 2 TC : 2 NO: :2 Ba:2ba 8 SM 
That is ? DA:Nn: : BaB: bab JS 4 

put y DPS 2 W, and d 2 NC D | 


Palas d:: Chard B ab : Ordinate ba b, ec, 


t | 


e. the like Series of their reſpective Ordinates, as ba b, do conſtitute 


5 the Ellipſibs Area, by Definition . Therefore D: d:: Circle Area : 
Ellfis's Area, by Lemma 6. D: d:: DD: Dd. Whence 
it follows, that D D: Circles Ara : : Dd: Ellipfes's Area, Q. E. D. 
Conſequently, as 1: is to 0,7854 :: ſo is the 7 or Praduct 


ot the Tranſverſe and Conjugate Diameters of any 


; 2 7 — 11 
But the Sum of an infinite Series of ſuch Chords, as B a B, do 
conſtitute the Area of the (Circle, by Definition 3: and the Sum of 


lipfis : to its 
Aren. 


Example, Suppoſe 78 g= 36. and Nu 16; then 36x 162576, 


4 576  0,7854==452,3904 the 4rea of the Eli. 


Corollaries. 1 
1. Hence it is eaſy to conceive, that the ſquare Root of the 


| 4 Reftangle or Product of the Tranſverſe and Conjugate Diameters 
vill be the Diameter of a Circle whoſe Area will be equal to the 
„%s Area, viz. yf 576 = 24 the Diameter of a Circle = to the 


2. All Segments of an Ellifis and its circumſcribimg Circle (whoſs 


7 Baſes are parallel to the Conjugate Diameter, and of the ſame Height) 
ue in Proportion one to another, as their Baſes are. That is, 


5 | BaB :bab:: Area Segment B NB : Area Segment h NO; or 


kat; for ſuppoſing D = T'S, and 
= Nn, as before; then it is al- 
rady proved, that DD : Dd: : cir- 
aunſcribing Circle's Area: Ellipfs's 


4 T: Nn:: Area Segment BNB : Area Segment 6 Nb, 


THEOREM VIII. 


a | The Area of every Ellipfis is a mean Proportianal between the Area's 


of its circumſcribing and inſcrib'd Circles. 


The Truth of this Theorem may be eaſily deduced from the 


Area. But DD: Dd: : Dd: dd. There- 
bore Ellipfis's Area: inſcrib'd Circle's 
Area : : Dd: dd, By Theorem 6. 


Ts. A 
CY 
”, a 


Pos dest ett | 


Example, Let TS = D = 36. and M d= 16, as before; 
then DD = 1296, and da = 256. 15 
| | en 


-» 


ewe” 
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hen will J 1296X0,7854=1017,8784 the great Circles Are, 
Then will 4 2% r 61 6624 the keller Circle's A - 
_ * Suppoſe 4 — the Ellipſibs Area; then, according to the Tha. 
rem, it will be, 1017,8784: A:: A: 201,0624. Ergo A 4 — | 
1017, 8784 X: 201,0624 = 204657, 7401216. Conſequently, 
204657, 7401216 = 452,3904 = A, the Area of the Ellipfs, B 
as before in the laſt Example. Op ET Ol 


Corollary. | . 


From hence it follows, that all Segments of an Ellipſis and its 
inſcribd Circle, whoſe Baſes are parallel to the Tranſverſe Diameter, | 
and have the ſame Height, are in Proportion one to another as 
the Area's of the Ellip/is and Circle are. That is, Area of Circle : ® 
Area of Ellipſis:: Segment h Nb: Segment B NB. Or, Vn: 

TS : Area Segment b N : Area Segment BN B. n ; | 


THEOREM IX. 
s The Solid Content of any Priſm (what Figure ſoever its Baſe is of) 
is obtam'd by multiplying the Area of its Baſe into its 
Height. 0 . — 
For Inſtance, a Parallelopipedon (or ſquare Priſm) is conflituted | 


of an infinite Series of equal Squares; that of 


its Baſe B A being one of the Terms, and its HR G 2 
Height DB, or G A, the Number of all the e e 
Terms. Conſequently, the Area of B Abax 4 . 
DB = the Sum of all the Series (by Lemma 1.) 33 
which is the Solidity of the Parallelopipedon D B 5 
6 4, by Dai s. f] 
ee :| 


Example, Suppoſe the Side of the Baſe B 4 pRB ——— 4 Þ 
= 16 and the Height DB=42; then will! © RB 
16 X 16 = 256 be the Area of the Baſe,” and : 
256 X 42= 10752 the Solid Content of the © | , 5 
Harallelopipedon DBGA. . | TTITLAS 
In this Manner you may find the Solidity of all regular Pohgo- | 
nous Priſms, whoſe Baſes (or Ends) are parallel and alike, what | 
Form ſoever they are of, that is, whether their Baſes are Triangles, | 
Pentagons, Hexagons, or Oftagons, &c. 1 
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apply d to SUperficies and Solids: 475 


T H E ORE M X. 
Fuery Pyramid is the third Part of the Priſm, that hath the ſame 
| Baſe and Height with it. (J. e. 12) . 3 
That is, the Solid Content of the Pyramid B V A (in the laſt 
Figure) is one Third of its circumſeribing Priſm D BG A, 
| Demonffration. . 
For every Pyramid that hath a ſquare Baſe (as B A ba, in the laſt 


Figure) is conſtituted of an infinite Series of Squares, whoſe Sides 


or Roots are continually encreaſing in Arithmetich Progreſſian, be- 
zinning at the Vertex or Point V (See Theor, 2) its Baſe B A B a, 
being the greateſt Term (LI) and its perpendicular Height VC, or 
DB, is the Number of all the Terms N but DEE = 8 the Sum 
of all the Series, by Lemma 3, and $ = the Solid Content of 
the Pyramid B d, by Definition 13. 9 

Example, Suppoſe the Side of a Pyramid's Baſe be BA == 16. 
and its Height be VC = 42, Then 16 X 16 == 256 the Area of 


| it Baſe BABa=a, and EE = 3584. Or 35 * 4223584 


of thus, 256 x XZ = 3 584, is the Solidity of that Pyramid BVA. 
n Corollary. 


From hence it will be eaſy to conceive, that every Pyramid 
s 2 of its cirtumſcribing Priſm, what Form ſoever its Baſe is of, 
iz, whether it be a Square, Triangle, Pentagon, ce. + 

THEOREM Xl. — 


The Solid Content of every Cylinder is obtam'd by | multiplying the Area 
of its Baſe into its Height, 


For every Right Cylinder is only a round D ren, WF 
Priſm, being conſtituted of an infinite Series |, 


of equal Circles; that of its Baſe or End be- |. 4, 
ing one of the Terms, and its Height BD is the |. 
Number of all the Terms. Therefore the Area |”... 
of its Baſe B A, being multiply'd into DB, Pcs, 145 


will be its Solidity, by Lemma 1. vis. Let DM é —-— 
BA, and Hg GA, Then o, 854 DDxXH N 
S its Solidity. 5 | 


ty 


Example. 


The Curve Super ficies of every Right Cylinder is equal ts the Bug. WM U. 


its Height D B is the Number of Terms. Therefore, &c. as by 
2 (or Baſes) the Sum will be the Swperficies of the whole G- 


and 4ts Height DB = 42; as before, then 1: 3,1416 :: 16: 


| whole Cylinder. 


| Every Cone is the third Part of a Cylinder, having the ſame Baſe 
. i 


3 | muft 

| Corollary. © he l 
Hence it is evident, that every ſquare Parallelopipedon is to itz * 
tuſcribd Cylinder, as 1: is to o, 7854. Or in whole Number,, +; - ic 
452: to 355 very near. And that all Prifms are in Proportion to of an 
their inſcribd Cylinders, as the Arens of their Baſes are. 
THEOREM XII. s 


s pe 


angle made of its Height into the Periphery of its Baſe, | 4 6 


That is, D B, multiply'd into the Periphery of the Diameter "3 
B 4, will produce the Curve Super ficies of the laſt Cylinder D BY ; - 
GA. For the Cylinder is conſtituted of an infinite Series of equal i. O. 
Circles (according to the laſt Theorem.) Therefore its Curve Su. MY 
perfictes is compos d of the Peripheries of thoſe Circles, by Deffnitim Ind — 
20. But the Periphery of its Baſe B A is one of the Terms, and 


Lemma 1. To which, if there be added the Area's of both its 


Example. Suppoſe the Diameter of its Baſe to be B A=16, 
0,2656 the Periphery of its Baſe. Again, 1: 0,7854.:: 16 x16| 
2 od: 201,0624 che Area of each End or Baſe. 
Then 50,2656 x 42 = 2111,1552 the Curve Super ficies, to 
which add 201, 0264 * 2 402, 1248 both. the end Area's, 
The Sum == 2513,2800/ is the Superfities of the 


THEOREM Xt. 


with it, and their A, 


tudes equal, (10, 6,12.) 


Demon 


— "p94 » Superficies ad Solids. 717 
7 © "Demonſtration. | 
conſidering, that a Cone is but a round Pyramid, and therefore it 
nuſt needs have the fame Ratio to its circumſcribing Cylinder: as 
tie ſquare Pyramid bath, to its gircumſcribing Parallelopipedon „viz. 
s 1: to 3. However, to make it yet clearer, let it be farther 
onfider'd,, that every Right Cone is conſtituted 
dan infinite Series of Circles, whoſe Diameters 18 
o continually encreaſe in 4rithmetick Progreſ-. 
ſm beginning at the Vertex or Point V, the Area 
f its Baſe B A being the greateſt Term, and 
is perpendicular Height C the Number of 
„il the Terms; therefore the Area of the Cir- 
e B 4.x N will be the Sum of all the Se- 
W's, by Lemma 3, which is the Cone's Solidity. ——\ 
1 WY Example, Let the Diameter of its Baſe be BE 
3 4 = 16, and its Height C 42; Then. 
ual W': 0.7854 : 16 X 16 = 256 : 201,0624 the Area of the Baſe ; 
1 — —— — 2814,87 36 the Solidiiy of the Cine BY 4. 
(r thus, 201,0624 X 4 = 2814,87 36, &c. 
„ 8 Corollary. 


Hence it follows that every ſquare Pyramid is to its inſcrib'd 


16, None as 1 0,7854. (Or as 452 : 355) conſequently, that all 
6 : Wiramids have the fame Kat io to their inſcrib'd Cones as the Areas 


ons aſe have, 
PPT 
ſe Curve Super ficies of every Right Cone is equal to half the Rectan- 
5 of the Periphery of its Baſe into the Length of its 
1 > oe 
The Truth of this Theorem is ſelf-evident from the Definition 
i a Cone, Chap. 1, Part IV, where it appears that the Curve 
werficies of every Right Cone (as BA) is equal to the Area of a 
or of that Circle whoſe Radius is the Side of the Cone (V B) 
d its Arch equal to the Periphery of the Cone's Paſe (B A). But 
e Area of any Sector is equal to half the ReFargle of the Radius 
bo its Arch, by Theorem 4. Therefore, &c. 


on⸗ | 
| H hh Exams= 


4 
x 
. 
| 
t 
! 
} 
11 
„ 
; 
14 
p 
0 


VA = 42, 7551, and the Diameter of its Baſe, vix. BA—= 16 


| Set a ſquare Pyramid, as BY A, to be 


1 of the Fruſtum or Part ab AB; let there 


TI "The Arithmetick of Jnfimtes Tar}, 
Example, Suppoſe the Length of the Cane's Side to be // Pa oll 


(as before) then will 50,656 be the Periphery of its Baſe, and 
SONGS X42 551 = = 107435553» Ge. the Curve of the : Super. 


fictes ; 1 which if there be added the Area of its Baſe, tha I 


Sum will be the Super ficies of the whole (viz. all the) WO” 


That is 1074, 5553 
+ 201,024 the Area of the Baſe. 


Sin 1275,61 77 is the total Super ficies, Kc. 
Note, The Truth of this heorem may be prov'd * the - des 
ration of the 2 Tan and "POR 20. 9. 


 Schalium. 


From the roth and 13th Theorems may be eaſily * ſever; 
Thzorems for *nding the ſolid Content of any Fruſtum or Part ei 


ther of a Pyramid or Cone, cut by a Pain Parallel w its Baſe 
3 


CI 
SS 
84 
s * = 42 4, 
Fiz 
oe Li 5 
oY * 
Pa 4 
* - 
o 


cut by a Plain at ab, parallel to its Baſe 
B A, and it were requit'd to find the Saliai- 


LY 
* 


be on D = B A the Side of the greater 
Baſe, d= b a the Side of the leſſer Baſe, 


An = c P the nne FRO. 1 
1 = = 
Fir I D-: H:: d: = Cby de Figure 
I _ 
* 2 ode whole Pyramid B71.s, 
| & By n G Tt 
And. 31 11X A 75 C = the Pyramid a b cut off. 
Viz. 1, {| 4 155 — DD — 45 the whole Pyramid BVA. Bs 
5 | E- 
And 1, 31 $ 2 = the Pyramid a V6. 
Soy 
4 — in , PR NY 13 


D — 
6. Reduc, 1 IX 4 H = the Fruſtum ab 4} 
| Which in "Words gives this following Theorem. 


THEO 


— 7 2 and Solids. 419 


THEOREM XV. 


70 the Rectangle of the Sides 0 the two Baſes, add the Sum of their 
Squares; that Sum, being m tip d i into pne Third fe the Fr uſtum's 
Height, well give its Soliduty. 


Example. Suppoſe the Side of the greater Baſe B 42 = 16 and 
tbe Side of the leſſer Baſe (or Top] ab 12 the Height CP g. 
Then 16 * 12 = 192. 16 x 16 = 256. and 12 * 12 = 144. 


Next 192 + 256 +144 = 592, and — 5 21776. Or 592 


= 1776 the Content of the Fruſtum of a ſquare Pyramids. 

And if it were the like Fruſtum of a Right Cone, it may be 
bund by the ſame Theorem. Suppoſing D = the Diameter of the 
greater Baſe, d = the Diameter of the leſſer, and Z = the 
Height of the Fru/tum, then the Sum of all the Squares which 
conſtitute the Fru/tum of a ſquare Pyramid, are to the Sum of all 


iae 


7era 
el 


34 


the Ratio of 1: to o, 7854 (or of 482: to 355) therefore it will 


57854 57854 D d+ 6,7854 dd x 5 H = the Cone's Fruſtum, that is, 


in the laſt Example, 1 : 0.7854 : 1776: 13945704 the like 


fruſtum of a right Cone. Or, becauſe 12273236, Cc. 


\ Therefore it may be made 1,273236) D D +7 Dd+ddx+ H Z 


{= the ſame Fruftum ; ; that is, 1, 273236 1776 (1 394,87, Sc. as 
before. And if you take the Triple of this Diviſor, vix. 1, 273236 


3, it will be 3,8197) DD + Da d: X H. = the PFruſtun, &c. 


Again, | 
4 duppoſe sx=D—4, and f = the Hum 
Then N T . by the 7th Step of the laſt 
STE | 3 w=DD—2 D444 
2— 3! N 1 — as 
> 37 4 = — xx, or D 5 wx = 
B. 5 x * N bee H= Phe Froſtun ab AB. 


A BY Hence we A 1 caſy Theorem for finding the ſame 
Fruſtum, | 


H h h 2 THE O- 


the Circles which conſtitute the like Fruſtum of a right Cone, in 


be I: 0,7854 : 5 Dd +ddx+H : 0,7854 D D+ 


. = x — 2 p 4 — 
8 1 % al N - N * by m of 
* — b — 222 wh nc '« bl x — 
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THEOREM - MT 
To the Reftangle of the Sides of the two Baſes, add one third Per: #y © 
" of the Square 7 their Difference ; that Sum, being multiph d int ma. 
| the Height, will produce the Solid. 
Example. Let D==16. 4 = 12. and H =9, as before; 5 
then D d = 192.D 4e . = IE 593333 N 


and 192+ 5,2333= 19743333 Laftly 197.3333 177 ons 
90997 the Solidiy 8 f the Fruſtum of he ſquare Pyramid, 28 before. nin 


And 3,81968) 1775,9997 (1394,87 &c. the like Fru/lum of aff de as 
right Cone, as before, 3 5 
Either of the two laſt Theorems (being rightly apy 0 will 
produce the true Solid Content of all Fruſtums of any ind of Pl 
ramids, that are intercepted between two parallel and alike Plain Pe 
or Baſes: As above, x FFF = 
Hut if fuch Frigſtums are cut through the Extremities of both _. 
Baſes by a Diagonal Plain (as Ab in the A_—_—b Th 
annexed. Figure) into two Parts, A ab : 
and A BB, calld Hofs; then the Soli- 1 
dity of thoſe Hoe is uſually found by oy 
dividing the middle Term D d of the * 
Equatin D D+ DAN dd into two' T i; 
Parts, and adding one of thoſe Parts to the 4 5 A 


Square of each Baſe. Thus, BB B dX , H = the gre * 
Hoof A B b, and dd +4 Dd Xx 4 H the leſſer Hoo Aa bo 
the Fruſtum of any ſquare Pyramid. Then 3, 810%) DDYNDL AN 


H{(=) the greater Hof of a Cone. And 3,8197) dd + 4 Dd r 
H(=) the leſſer Hoof, for . wk * 4 
Theſe are the Theorems made uſe of by Mr. Darie, in his Book [ 
of Gauging, and are pretty near the Truth, but not exactly ſo; fo Phy 
they give the Solidity of the upper Hoof A a h a ſmall Matter toc Fj 
big, and the lower Hoof A B b as much too little. EE | 
' Now, in order to rectify that ſmall Error, I ſhall here propo 4 
the two following Theorems, which come very near the Truth, ane h 
are more eaſily perform'd than thoſe propos d in the 5ſt mpreſunlt 
F this Bot. e e 
| * 
i . 0b 


* 


Firth 


— 


Tay d 2 Duperfictes 2 Woltd s. 21 


Firſt, DD+ ED IFD—axtH will be the gala of 
the greater Floof. A 


Secondly, d 4 FIT 2 54 Y E will ge thy" Sali 
40 of __ 1045 2 of the  Prigftun of 70 een 18 


And 10. the like Haſs of the Priftim of any” . Cone it 
will be 

Thus, 3,817) DB. I Dd + PT Ws * H (Sthe greater Hof. 
And 3.8197) 4 ＋ 2 Dd + G— Mo. H (=the leſſer Hof. 


Note, In order to a mam Wards in the following Demonftra⸗ 
tons, let O ſignißß any Circle in general; and if any two Letters be 
jun'd to it, thus, © B A, &c. it then denotes l Area 4 Lebe a Cir- 
te as thoſe 1 #0 Letters Fepreſent the Radius . 


THEOREM xVIL 


The Supe of every Sphere (or Globe) is equal to fur Timer 
de Area of its genie G ircle. 


That Is, of a Circle whoſe Diarteter i is the Axis of the Here. 


Demonttration. 


If any Semicirel (as ATGS) be turn'd or moved about its 
Diameter (T'S) it will deſcribe a ſolid Body call'd a 1 which 
will be conſtituted of an infinite Series | 
of concentrick or parallel Circles, 
whoſe Diameters are Chords, viz. © 
ab, Oed, © ef, &c. by Definition I4. 
Conſequently, the Cuperficies of the 
ere will be compos'd of the Peri- 
jeries of thoſe e which conſti- 
lute its Solidity, by Definition 20. 
Bo Let D = 278 the Axis of any 
fo ere. Then, accordi ing to the Pro- 
r tod ty of a Circle, it 1 

will be IZ Th 0 ab 
po That is, 2 DX 756 — 0 728 N45 
„ ane Therefore! 31 DX Th= 47, for 88 — A FE?» 
And [4 1 2 * 8 


*.'The- Tens is here corrected, which Mr. F. Robertſon takes Notice of in his 
b.ok . A Rs Treatiſe 7 Menſuration, Page 160. 


1 


Hence 


> 

: _ —— — — A Ea.c 
EPP — Y 2 

— — * 


| Then 201,0624 x 4 = 804, 2495, the Superjicies of the wholef 


of the Sphere. For 3,1416D = the Beripbery of the Cylinder 
the curve Super ficies of the Cylinder, by Theorem 12, And if to this 


de eaſy to find the curve Super ficies of any Segment or Part of a 
Sphere that is cut off by a Right Line or Plain, vis. ſuch as the 
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10 Hence tis evident, that the Series OoeT,O0e7T, Dy T, Ke. 
are in the ſame Ratio with Tö, T'd, Tf, &c.' viz. in Arithmerict 
Praraſim: Whence it follows, that the © @ T the Sum of all 


the ef ey between 7 and , and O e T = the Sum off 1 
all the Circle's Peripheries between T and d, &c. Conſequently, that | Sum 
the OA T==the Sum of all the Circle's Peripheries included between Ml 
T and C; that is, © AT = the Superficies of the Hemi-ſphere, An n = 
becauſe A CA. HTC HAT and A C= OTC 
Therefore © AT=2 O AC is the Superfcies of the Hemi-ſpherg, 
Conſequently, 4 © A C will be the Superficies of the whole Sphere, Wl 0 
CCC 


Erunpl. Suppoſe the Axis 7h =D = 16, Then DD = 26, 
And 1 : 0,7854 :: 256: 201,0024 = © AC, for 2 D = AC, 
Sphere. Or, becauſe 3,1416 is four Times o, 7854, therefore it] 
will always be 1: 3,1416 :: DD: 3,1416DD, the Super fictes off 
the Sphere (as before); and it is equal to the curve Super ficies of the 
right Cylinder, whoſe Diameter and Height are each = D the Axis 
Baſe, and that, multiply'd with D its Height, will be 3,1416 DD 


there be added the Area of its two Baſes (or Ends) wiz. 1,5708 


DD, tken tis evident, that the whole Super ficies of the Cylinde "Ig 
will be to that of the Sphere in the Proportion of 3 to 2. | = 
Soholium. LEE | 1 4 


From the Method here uſed in proving the laſt Theorem twil 


Segment a Tm in the laſt Scheme, whoſe curve Super ficies is 
© a T (as above). Therefore {becauſe Na b+ DO Tb = DO a7 4 


it will be O © T6 the curve Superficies of that Sg ten 
ment. | 17 | | the $ 
But if the Axis TS, and Height T'b, of the Segment are given Me 


then will it be TSX T6 Q 2 7; as in the third Step above R 
Which gives this Proportion or Theorem 53 


Viz 


— — — — 
' apply d to Superficies and Solids. 423 
CA. the Axis of the Sphere : ir to the whole Superficies of the 
Viz.. 2 Sphere :: ſo is the Height of any Segment: to its curve Su- 
perficies. ; . 
To which if there be added the Area of the Segment's Baſe, the 
zum will be the Superficies of the whole Segment. 


N THE O R E M XVIII. 8 
Every Sphere is equal to two 7. birds of it s cireumſcribimę G Binder, 


That is, of a yr bag 9 whoſe Height and Diameter of its Baſe 
ue each equal to the Axis of the Sphere, 


Demonttration. 


According to the Work in the laſt Theorem it appears, that 
%, Oed, O, &c. do conſtitute the COLE, | 
col vlidity of the Sphere; and that DO 7, 

e J, 0 y T7, &c. are a Series of Terms 
in Arithmetick Progreſſion, U A T being 
de greateſt rm, and TC the Number 
ef Terms; therefore © ATx2 TC = 
WT the Sum of all the Series, per Lemma 2. 
And becauſe 4 T— N Thb= UU ab, | 
OT — 0 d = ed, YT — 077 8 1 
kc, wherein Q, Tb, U 7 d, O Tf, &c. are a Series of Squares 
whoſe Roots T'b, Td, T f, are in Arithmetick Progreſſion, OTC 
being the greateſt Term, and TC the Number of Terms; therefore 
0-7 Cx 4 TC =, the Sum of all that Series, per Lemma 3. con- 
kuently, O ATX ATC — © TC x+ TC = the Sum of the 
ries O ab, © e d, © yf, &c. which conſtitute the Solidity of. 
the half. Sphere A TG, Put D =2 Te the Axis of the Sphere; 
ben 4 D gf 7C, and 3 DS TC. And becauſe OD AT= 20 
e; therefore © AT=2 © TC=1,5708DD. And 1,5708 
DD x 4D = 0,3927 DDD. Salk ED 
Again, O TC x47 C=0,7854DD x£ D =0,1309DDD, 
then 0,3927DDD — 0,1309DDD =0,2618 DDD the Solidity of 

the demi. phere A TC, conſequently, 0,2618DDD x 2 = 0,5236 
. DDD will be the ſolid Content of the whole Sphere, which is * 
„two Thirds of the Cylinder whoſe Diameter of its Baſe an 
boſe eight = D. For 60,7854 DDD = the Solidity of the Cylinder, 
iy Theorem 11, But 4 of 0,7854 DDD = 0,5235 DDP; as be- 
re, Therefore, &c, as by Theorem. TY 


7 


Exams. 


Drops Sao he . 22 16 L 555 == 4096, and 
I :.0,5236 : : 4096: 2144,6656 the foi Content of that * 


3 2. 4035 — 25 *tis alſo. evident, that there: is tho! like 14 or 
Habitude between the Cube and its inſeri d Sphere, as is betwixt ald 


Circles, which have the ſame Ratio with all thofe Circles that con- 


will become Jr Ni dee 5236 = 8. On 73909855) geeb +bbb 


N ein un 2 30s 25 cinlriu. © CEP # 

1. Hence it appears, that the ſolic Content of every "FA i 
equal to its Superficies multiply'd into one fixth Part of its Axis. 
For its Superficies is 3, 14 tb. D, by Theorem 17. But 3,1416 X 
3 ö = 0,5 236 DDD the ſolid Content, as before. 


the Square and its inſcribd Circle; and that is, as the Superficies of Wicca 
any Cube: is to the Superficies of its inſcrib'd Sphere : : fo is the Myhic 
folid Content of that Cube: to the ſolid Content * the Sphere. [See bre i 


the Circle's Proportion, Page 407:] For if B S the Side of the 7, 
Cube, then 6 DD= its Superficies, and DDD = its Solidity ; and hol 
| 7 1 DD = the Sphere's Superficies. But 6 DD : 3, 1416 DD Wi. 7 


: DDD: 0,5236 DDD e of the Sphere ; ; 28 above, Wor 


oy. DUTT bew 


1 \ 


been 1 Fi: 


Proms: the Proof of this Maren wil be af to deduce ot 
raiſe T heorems for finding the ſolid Content of any Fruflum or Sg. 
a. 0 a Sphere; as a Tm in the laſt Figure. x Bags or- we there ſup- 

ſe the Segment 4 T to be conftituted of an infinite Series of 


ſtitute the Semi-ſphere. Therefore it follows, that Gar x £ T he © 
— Oer will be the Sum of all the Circles intercepted! reate 
between F and 5. Conſequently 'twill be the Solidity of that Sep- 
ment. And becauſe Q D 75 E UH: therefore 
STF FD To = the fame Solidity. | ese 

Let c = ab half the Segments Baſe; h= Tb its Height; and i 
S = the Solidity of the Segment or Fruſtum - Then © ab = Jl4 
I6cc, and © T b = 3,1416. Conſequently, . * 


213Gb +5,14165h | SPE = which being reduced 


(S. for o, 5236) 1,0000 ( 1.9098 55. e is one Theorem | Put 
for finding the Haim s TS. 5 „ 


. Net 


apply d to Superticies and Solids. 425 
Mete, Here we ſuppoſe the Height of the Segment, and the 
Diameter of its Baſe to be given ; but if the Axis of the Sphere, 
ind the Height of the Segment be given, then putting D — the 
here; s Axis, Y = the Segment s Height, and c as before, twill 
ke Bx h == cc, viz. Db — hh = cc. Therefore 3Dhb—2hbh 

=3cch + hhh. conſequently 3Dþ h—2 hhh x 0,5236 =&8, 
the Fruſtum's Solidity, Or 1,90985) 3 Db — 2% % (&, 
43 before. Which is a ſecond T heorem be finding the ſame Pru- 
fm a Tm. 


q 


And if it hs requir'd to find the middle vir: am N K. uſually 
all'd the middle Zone of a Sphere, then _ "=P 
of Whccauſe *tis ſuppoſed that a m = MN XK, or 
the Which is all one, thath C=C B, there- 
dee Wire it is plain, that, if twice the Segment 
the Tn be taken from the Solidity of the 
nd g hole Sphere, there will remain the Mid- 
)D Wit Zone a m NK. But, becauſe that 
Work is a little troubleſome, I ſhall here 
hew how to raiſe a Theorem for the do- 
ii 
TY Becauſe 4 C = =yC= =eC=a 1 = TC Therefore it 
ml beg AC— OC0f= 037. AC - ce DA. 


| AC—=DO H ab &c. Here becauſe U AC. U AC. 
g. 4 C, &c. are a Series of Equals, and Ch the Number of all 
up he Terms, therefore 2 4 Cx C g the Sum of all that Series, 
; of 


Lemma 1. And U Cf. oO Cd. N C5, &c. being a Series 
of Squares whoſe Roots are in Arithmetick Progreſſion, beginning at 
e Center or Point C, viz. o, Cf, Ca, Cb, &c. wherein the 
raateſt Term is 1 C3, and Number of Terms is C B. Ergo 
XC the Sum of all the Series, by Lemma 3. Conſe- 
wently, the O ACXChb — © Ce Ch = the Sum of all 
he Series © „. Oed. Oab, &c. which do conſtitute the So- 
ity of the half Zone a m AG. And becauſe A0 N C 
O ab. Ereo © AC - O = O C8. Conſequently O AC 


10 3— ee 


8 ACC Sa. a) X C will be the 
blidity of the half Zone. 


put D A G 2 AC. xz=am.and H=bB =2 C6, 
ben © A C = 0,7854 DD. © ab= 0,7854 xx, And if 
e turn the common Factor 0,7854 into the Diviſor 1,27 323, 
1 1 1 | | and 


526 The Arithmetick ? Infinites Par V 
and then taks the Triple of that Diviſor, viz. 3.819 (as before in in 


the Fruftums of Pyramids) the Reſult of the precedent Work will Bu 
produce this following Theorem. 


THEOR. XIX. 1 W il middle Zone q . 85 


Sli 

THEOREM XX. 1 

Sphere are in Proportion one to another as the Cubes of their 
Diameters, (1 8. e. 12.) i Ec 

+ Demonſtration. 


Suppoſe D = : the Diameter or Avis of any Sphere, and d = the 25 
Diameter of another Sphere, either greater or leſſer. Then is : 
0,5236 DDD = the Solidity of one Sphere, and 0,52364d4d —thg 1 
Solidity of the other Sphere, by Theorem 18. But DDD : ddd:: 3: 


0,5 236 DDD: 0, 5 230d. . 3 
05 
THEOREM XXI. mid 
7 be ſolid 0 ontent of every Spheroid 5 is equal to two Third of its cir * 
cumſcribing honed 
ly, 
Demonſtration. 


Suppoſe the Figure NTu & N in the annex'd Scheme, to re. 
preſent a Spheroid, form'd by the Rotation of the Semi-Elly/ 
7 Ns, about its Tranſverſe Axis TS (as by Definition 15.) 
LaD= TS, the Length of the Spheroid, and the Axis of it! 
_ circumſcribing Sphere; and d Nn, the Diameter of the greate 
Circle of the Spberoid. Then becauſe 07 TC: 0 NC: : UA Not 
U ab, by Step 3 in Theor. , therefore it will be DD: ad:: 9 

Qa: : O Ab: O ab, Nc. But the Sum of an infinite Seri 
of ſuch Circles as O Ab (whoſe Diameters 
ac Chords) do conſtitute the Solidity of 
the Sphere, (as before at Theorem 18) and 
the Sum of an infinite Series of ſuch Cir- 
cles as O a b (viz. whoſe Diameters are: 
Ordinates of the Ellipſis) do conſtitute : 
the Solidity of the Spheroid, by Definiti- 
on 15. Ergo DD: dd: : 0,5236 DDD: 
c,i236dd D = the Solidity of the 
Spheroid, by Lemma b. 


CE The 


Apply d fo Superficies and Solids. 427 


in But 0,5 236d = =7 of the Cylinder whoſe Diameter is == 4, and 
„ Height = D, by Theorem 11. Q E. D 


Now, from this Proportion between the Sphere and its inſerib- va 

1 Spheroid, twill be very eaſy to deduce Theorems for finding the 

Sud Content either of the Segment or middle Zone of any Moi 
having the ſame Height with that of the Sphere. 


whole Spheriad : : ſo as any Part of the Sphere: to the like Part 


Ld As the Solidity . the whole 8 here : is to the Salidity of the 
For 1 
of the 8 Pheroid, by the Cl onverſe to. Lemma b. 


As for Inſtance ; Suppoſe it were requir'd to find the middle 
Zone of any Spheraid Let D =TS,and d — Nn, as above; and 
H= B, x = A IM, as in Theorem 19, and let c am. Then 


78757 H the middle Zone of the Sphere. And o, 236 D 
7 E 

g | 2DD—+xx  2ddxH  wxdixH RO” 

: 0,5236ddD : : 3,8197 8 _ 3,8797 3.81970 my | 


middle Zone of the ” Syheroid. 
| | 74 
cirs Again, DD: dd: xx: therefore D 


= cc.  conſequent= 


| D 
xx dd H 3 
ly, "DD X 38197 © 3.8197 X H, which being taken inſtead 
* Xx X | 2 
of 371755 there will ariſe 5 follow ing 5 5 
24d Tec. the midd. Zone 
THE OR * * XXII. 2 35197 de en of the SpHeroid 


being the very ſame with Theorem 1 9. 


Note, In the ſame Manner you may raiſe Theorems for fi ling the 
Segment of a Spheroid, cut off at either of its Ends, &c. 


TH E OR E M XXIII. 


The. Area of every Parabola is equal to two Thirds of its circum. 
ſeribing Parallelogram. — 


Demonttration. 


Let the Figure $A B repreſent half a Parabola. Make DB 
parallel to the Axis $ A, and S d parallel to the Semi-Ordi- 
ute A B, and ſuppoſe S d to be divided into an finite 

= TT Series 


\ 428 The Arithmetick / Jnfinites Part Part v. 


N umber of Terms. Conſequently 


Series 21 equidiſtant Points, as f, g, h, &c. and from thoſe Prim, Paints 
imagine a Series of parallel Lines, viz. f m,gn, h p, &c. to touch 
the Curve of the Parabola, and meet the Semi-ordinates ma, n e, 


y p, &c. Then, according to the Property of the Parabola, it | 


will 


1184: 0 4B: : 8a: Dan 
wie! 2 SA: U AB::Se:Qen 
3 8 AB:: Sy: U p, &c. 
But — 8. n. Sy-=hp. SA=dB 
5 8 alterna it will be 
AB: dB: : Den: u 


2 14 
In theſe Proportions [7] am, Jen, Oy p, &c. are a Series of 
of Squares whoſe Roots & 7, & g, S h, &c. are in Arithmetick Pro- 


greſſion, beginning at the Point 8. And becauſe the Lines ) þ,1 
gu, fm, &c. have the ſame Ratio, therefore they are as ſuch a | 
| $ eries of Squares, wherein d B is the greateſt Term, and & d the 


— the Sum of all thoſe } 
Lines, by Lemma 3. But S AX AB = d B X Sd. Therefore : 


d4Bx84d 
3 


2. 
3 


Lines do conſtitute the Area of the Semi- Parabola's Complement, Viz, 
the Area of what half the Parabola wants of compleating or flling 


up the Parallelgram $4 A B. Wherefore SA x AB —5 8 Al 


28 Ax AB 


x 4 B = — 85 will be the Area of half the Parabola AB. 
Conſequently, 28S 4 * will be the Area of the whole Para- 


la bS B. Q. E. D. 


R Suppoſe the Baſe, or greateſt Ordinate, of a Para- 
bola to be h B 24, and its intercepted Diameter (or Axis) be 
8 =.33J 5 then 2 $ 4 B = 06X 24 = 1584. and 3) 158 
: (528 the-, A of that Parabola. | 


THEOREM XXIV. 


Fuer Porabelc Conoid 1s 8 to one Hal if of its circumſeribirg 


Gy Under, OS 


Demon- | 


O48: 4 B: e 


= the Sum of all that Swic of Lines ; ; but all thoſe} 


ing 


Erg 1 


Wo 
on | 


— n — . ͤ . 
apply d to Superficies and Solids. 429 


Demonſtration. 3 


If any Semi-Parabola (as BSA) be turn'd or mov'd about its 
Axis (S A) *twill form a ſolid Parabolict Conoid, conſtituted of an 
infinite Series of Circles, viz. O ba, O fe, © gy, &c. by Defini- 
7. --* 

Now, according to the Property of every Parabola, it will be, 


$4: AB; ; AB: 22 L, the Latus Rectum. 
3 


3 
„ [7 be 
Then S .. K U 


| I] 


Sy xXx L = DO gy, &c. 

HereS axL, Se Xx IL, Sy x IL, &c. are 
1 Series of Terms in Arithmetick Progreſſion : 
therefore (Nb a, U fe, U g, &c. are allo ,/— 
a Series of Terms in the ſame Progreſſion, be- 7 . 
ginning at the Point &; wherein H A B is 5 4 B 
the greateſt Term, and & A the Number of al! e 
the Terms, Therefore A BN ZS A the Sum of all the Se- 
fies, by Lemma 2. Conſequently, © AB* 38 A== the Sum of 


all the Series © ba, O 7 e, O. &c. which do conſtitute the 


Solidity of the Condid. And putting D =2 A B, and H SA. 
Then o, 7854 DDT H= o, 3927 DDA will be the ſolid 


Cmtent of the Conoid, which is juſt half the linder whoſe Baſe = 


Dand Height = H. [See Theorem 11. ] GE. D. 


Y This being underſtood, *twill be eaſy to raiſe a Theorem for 


inding the lower Fruſtum of any Parabolict Conoid. For ſuppoſ- 
ing „ = a A the Height of the Fruſtum, and p = 8 a the Height of 
the Part 5 89 cut off; then Hp = & A, the Height of the 
. O ABM. ABxþ 1 
whole Conoid. Conſequentl ß,. —— Solidity of 
| 185 6 


Y be whole Camid. And 2-H the hi- . 
4% of the Part cut off. D 


r þ— © baxp _ 


OY 
the Solidity of the Fruſtum. 
But 2G: UAB: : p: Oba 
Conſeq. 3% KY: O AB: H: ©ba 
410 ABB xp= © baxb+otaxp 


: FIR PIs 1 be OT IP >. ds 
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4 — O ba xp 5 O AB Xp—©baxp=0baxh 


1 X 21] 6 AB Xx O ABXp— Oba A 
3 7 O AB Xb=2 F OB¹A NV 
| 8190 ABXh+ © baxXh=2 # 
0 O AB Ob 
| 2 


X h = the Fruſtum's Solidity, 


Let D AB, as before, and 4 = 26 a the Diameter of the 
Part cut off ; then we wall have this following 


0,3927 DD-+0,3927dd X h = the 
THEOREM xxv. 1 Hallig of the Fruſtum requir'd, 
Or gy h = the Fruſtum ; for, 3927) 1,0000 (= -2,5464 


and becauſe 2,5464 + . 2:5464 = 3,8 I96 ; therefore it may be 
made 3,8196) DD + dd X 2 þ (=the fame Fruſtum, &c. 


Note, The Reaſon why ] have reduced this Theorem to have the 
Jame Diviſor with thoſe at the Fruſtums of Pyramids, &c. 


will beſt appear farther on, viz. when they all come to be 
apply'd to Practice in Gauging. 


THEOREM XXVI. 


Fa Parabelick 8 pindle (or Pyramidoid) is equal to eight Fifteenth of 
its circumſcribing Cylinder. 


Demonſtration. 


I any acute Parabola, as bS E, be turn'd or mov'd about its 
greateſt Ordinate 5 A B, it will form a Solid call'd a Parabolic 
Fpindle, conſtituted of an infinite Series of © m a, One, O Py, 
&c. by Definition 18. 
Let us ſuppoſe the Line S 4, parallel to AB, &c. (as at Theo- 
rem 23) then it hath already been prov'd, that the Lines fm, 
gn, hp, &c. are a Series of Squares whoſe Roots are in Arith- 
metick Progreſſun : conſequently their Squares, viz. UU f n, 
Uu, Up. &c. will be a Series | T1 
of Biquadrats, whoſe Roots will be L. . h 4 
in Arithmetick Progreſſun : which | or 22 
being premis'd, we may proceed thus, 


þ [4 —f m r m a 
1178115 n S ne 


— applyd to Superficies and Solids. 433 
; &* 


4000 e 
2 G 5 U SA—284%gn+ Ogn=O0ne 
3 &* 6|0 SA —284 Xbp+Ohbp=Op y, &c. 


1. In theſe Æguations the U SA, S A, U SA being a Series 
of Equals, and A B the Number of all the Terms; therefore it will 
be L SAX AB == the Sum of the Series, hy Lemma 1. 

2. Becauſe fm, g u, hp, &c. are as a Series of Squares where- 
n SA is the greateſi Term, and A B the Number of all the Terms; 


nm of all that 


therefore 


Series, by Lemma 3. 4 | 

3. And the 0 fm, g n, O hp, &c. will be a Series of 
Terms in the Ratio of Biguadrates, as above; UU d B OSA 
being the greate/? Term, and A B the Number of all the Terms; 


therefore it will be 2 — = the Sum of all that Series, by 
Lemma 5. | 


Whence it fellows, that U SA X AB — 
SAR AB 


20OSAxX AB 
5 * 
— the Sum of all the Series of ma, UI we, U p Js 


„ . 
Fc. That is, 80 8 


= the Sum of all the Series of U m a, 
8OSAXAB _, 
I 


Ore, Dh p, U d B. &c. conſequently, — = the Sum 


of all the Series of © ma, On e, Op, &c. which do conſtitute 
the Solidity of half the Spindle, viz. of S A B. Therefore putting 
D=28 A, and = 2 A B, (viz. bAB) it will be 0,41888 DDH © 
— the Solidity of the whole Parabolick Spindle b S B, being of 
0,7854DDH the Solidity of its circumſcribing Cylinder. AED 

From hence we may alſo raiſe a Theorem for finding the Fruſtum 
$4 py of the laſt Figure. For © & A being the greateſt Term, 
© py the leaſt Term, and Ay the Number of all the Terms or Cir- 
cles included between A and y, Feb 


OSA— LEN. WIE, x Ay —= z the Sum 


=l 
Therefore: 1 3 5 
; of all the Series AS 4, I ma, g n, Up 


— 


30 94-5 4xhp + 302 x 45 2 3 2 


1 * 31 2 


"oe 7 
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2 =. 47 33084 — 24 x e | 
But] 4! OSA—284 x ms - O +, by 6th Sr, 
1 fs" 204.3 
5 + &.| 612084+0 = i= 
Conſeq. 720 SA＋T OD ©hpX + Ay=x, the 


Sum of all the Series of O & 4, © ma, One, © py, which 
do conſtitute the Solidity of the Fruſtum $ A p y, Therefore put- 
ting D = 284, as before, C= 2þpy, x = 2 h p, and H Ay, 


it will be 15708 DD, 7854 CC — 0,31416x# xy 4+ H = the 


PFruftum & A p. g. And if ne. make L = 2 H Then 
1,5798 DD + 0,7854 CC — 0,314l6xx X L = Double of 


that Fruſtum, being the middle Zone. And by turning theſe Factor: 
into one common Diviſor, as in the Fru/tum of the Conoid at Theo- 
rem 25, Page 430, there will ariſe this following Theorem. 


THEOREM XXVII. 


(3.8196) 2 BBC = D x L(= 
4 the middle Zone of a Parabolick Spindle, 


It may be here expected that I ſhould now proceed to ſhew how 
the Area of any 6 
form'd by the Rotation of that Figure about its Axis, &c. may be 
found; but becauſe thoſe Things cannot be exactly perform'd by 


Hperbola, and the Contents of ſuch Solids as may be 


any certain or ſettled Theorem, as theſe of the Circle, Ellipſis, and 
Parabola have been, I have therefore omitted them, and refer the 
Reader to Dr. Wallis's Algebra, Chap. 90, &c. or to the Phils/oph. 


' Tranſa#t. Numb. 34, wherein he may find the Method of forming 


infinite Series relating to the ſquaring of an Fyperbola, &c. which 
are too tedious to be fully explain'd and demonſtrated in this ſmall 
Tra&t, it being only intended as an Introduction, the which I ſhall 
here conclude, ; 


Vn 


1 
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called Stereometry, or the Meaſuring of Solids, becauſe 
the Capacities or Contents of all Sorts of Veſſels uſed for 
Liquors, Qc. are computed as tho' they Were really ſolid Bodies; 
which any one that hath mide himſelf Maſter of the ſoregoing 
parts of this Treatiſe may eaſily underſtand, without any farther 
TT RT IT OT TG MOPITIOL: 04. 
However, becauſe tis not to be ſuppos'd that every one, who 
tins to undertake the Office or Employment of a Gauger, hath 
nade ſo great a Progreſs in Mathematical Learning, I have there- 
bre Preſented the young Gauger with this Appendix, wherein 1 
ve only inſerted ſuch Rules as are uſeful in Gauging, and have 
keen already demonſtrated in this Treatiſe. But herein, I pre- 
üppoſe that he hath acquir'd (or if not, 'tis very neceſſary he 
hould acquire) a competent Knowledge both in Arithmetick and 


(i H E Art of Gauging is that Branch of the Mathematicks 


” 
* 


Veomeny* Thats, 5 72% 318205 noon 1 92, 3 SENT 
I. In Arithmetick he ſhould underſtand the priticipal Rules very 
nell, eſpecially Multiplication and Diviſion, both in whole Num- 
hers and Decimal Parts, (which may be eaſily learnt out of the 
1d, 2d, and 5th Chapters of Part 1.) that ſo he may be ready at 
omputing the Contents of any Veſſel, and caſting up his Gauges 


by the Pen only, vis. without the Help of thoſe Lines of Num- 


ders upon Sliding Rules, ſo much applauded, and but too much 
mactis'd, which at beſt do but help to gueſs at the Truth; I mean 
ich Pocket-Rules as are but nine Inches (or a Foot) long, whoſe 
Radins of the double Line of Numbers is not fix Inches; and 
terefore the Graduations or Diviſions of thoſe Lines are ſo very 
doſe, that they cannot be well diſtineuiſh'd. Tis true, when the 
Rules are made two or three Foot long (I had one of fix Foot) 
there they may be of ſome Uſe, eſpecially in fmall Numbers; al- 
to even then the Operations may be much better (and almoſt as 
bon) done by the Pen: For, indeed, the chief Uſe of Sliding- 
Rules is only in taking of Dimenſions, and for that Purpoſe they 
ae very convenient. | 


K k k 5 II. In 
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II. In Geometry the Gauger ſhould underſtand not only how tc 


ſuppo 
Back, Tun, Caſk, &c. be once computed in Cubick Inches, twi 


going Parts of this Treatiſe, and only are here apply'd to Practi 
and therefore I ſhall, for Brevity's Sake, often refer to thoſe Thet 


— deg — on a © or Oe WS OY . TOO Fen 910 err 


take Dimenſions (which is beſt learnt by Practice) but alſo how 1 
to divide any irregular Figure or Superficies, as Bre wers Backs o 
Coolers, &c. into the eaſieſt and feweſt regular Figures they will 
admit of, that ſo their Area's may be truly computed with the 77 
leaſt Trouble. And this may be learn'd (with a little Care aud, 
Diligence) out of the iſt, 2d, and 5th Chapters of Part III, which 
the 54 ſhould be well acquainted with. Alſo he ought to hate 
ſo much Skill in Solids, as to be able, even at ſight (but this mulM Ru 
be acquir'd by Experience) to determine what Sort of Figure an 
Veſſel is of (vix. any Tun, or cloſe Caſk) or what Figures it ma 
be beſt reduced to, ſo that its Dimenſions may be truly taken Z 
and the Content thereof computed with the leaſt Error. I ſay e! 
with the leaſt Error, becauſe *tis very difficult, if not impoſſible = 
to do it exactly; for there is not any Tun, or Caſk, &c. fo regu Firf 
larly made, as by the Rules of Art?tis requir'd to be, The 
III Beſides the aforementicn'd, the young Gauger muſt knowW And 
that all Dimenſions uſeful in Gauging are to be taken in Inches Or 
and Decimal Parts of an Inch; and if they are taken in any othi 
. Meaſures, as Feet, Yards, c. thoſe Meaſures muſt be reduced . B 
Inches, (fee Set. 4. Pag. 42.) becauſe the Contents of all Sorts ¶ viſio 
_ Veſſels (taken notice of in Gauging) are computed by the Stan be d 
dard Gallon of its Kind, whoſe Content is known to be a certait 
Number of Cubick Inches: That is, the Beer or Ale Gallon con Thu 
tains 282, the Wine 231, and the Corn Gallon 268, 8 Cubick In = 


ches. {= the five Tables, &c. in Pages 34, 35, 36, which I her 
e the Gauger to have learnt perfectly, by heart.] Conſe... 
quently, if either the ſuperficial or ſolid Content of any Veſlel, 


be eaſy to know how many Gallons, either of Ale, Wine, « 
Corn, that Veſſel will hold. EW 1 
_ . Note, T have here ſaid, the Superficial Content in Cubick Inche . 
which may ſeem to be very improper, according to the Definitio of 
given of a Superficies in Page 279 but you muſt know, that, 
the Buſineſs of Gauging, all Superficies or Area's are always ui Se 
derſtood to be one Inch deep, otherwiſe it could not be ſaid (When 
in the Gaugers Language it is) that the Area of ſuch a Back, Muve 
of ſuch a Cirgle, &c, is ſo many Gallons, | 
Theſe Things being very well underſtood, the young Gaug 
will be fitly prepar'd to underſtand the following Problems, whit 
are ſuch as have(moſt of them) been already propos'd in the fon 


rems and Problems. 
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0. 1. To find the Area of any right · lined Sees in Gallons, 
PROBLEM I. 


7 find the Area of any ſquare Tun, Back, or Cooler, Sc. aue 
in Ale, Wine, or Corn Gallons. 


Multiply the given Length or Breadth (being here ple 
Rule. 1 


into itſelf, and the Product will be the Area in Inches; 
then divide that Area by 282, or 231, or 268,8 and 
the Quotient will be the Area requir'd. 


Example. Suppoſe the Side of a ſquare Tun, Back, or Cocker 
be 124,5 Inches, what will its Area be in Gallons ? 


Firſt 124, 5 * 124,5=15500,25 the Area in Inches, 

Then 282 | 54,96 &c. Ale Gallms. 

And 231 F 15500,25 576, 10 Cc. © the 4 Area in 12 Gallons. 

Or 268,8 * 57,06 Sc.  TUCorn Gallons. 
But if any one would rather work by Multiplication than by Di- 


ts 0 Gon, he may turn or change any Diviſor into a Multiplicator, if 
Stan be divide N or 1, by that Diviſor. (Vide Probl. 3, Pag. 402. ) 


\ con Thus 282 C0,003546 2 Ale Gallons. 
+16 And 231 1,000000! 0,0043 22 Maltiplica. for W. Gallons, © 
: Or 268,8 \ -0,003722 Ic. Gallas. 


.onle Conſequently 15500, 2 5 X o, oo 3546 = 54, 96 Ec. the Area in 
ſel, ne Gallons; as before ; and ſo on for the reſt. 


PROBLEM. IL 


To find the Area of any Tun, Back, or Cooler in the Form of a 
Right-angled Parallelogram i in Ale Gallons, &c. 


initio 


hat, 1 

ys uff See the Rule for finding its Area in Inches, at Probl. 1, P. 3 39, 
aid (Iden either divide (or multiply) that Area, 3 as above, and you will 
ck, Whve the Area in Gallons. 


Example. Suppoſe the Length of a Brewer's Tun, Back, or 
Cooler be 217,5 Inches, and its Breadth 85, 6 Inches, what will 
Wis Area be in Ale or Beer Gallons, &c ? 


Firſt 21), 5 & 85,6=18648. Then 282) 18648 (66,12, Cc. 
Ur 18648 x 0,003546=66, * We the Area requir'd, Oc. 


3 PRO, 


found: Faſten (as before) one End of the chalk'd Line in 


LOST Mn ts 


To 9 the Area of am Triangular Tun, Back, or Cooler, 5 
in Ale Gall lons, Sr. 


See the Rule 2 finding. its "Area i in Inches at prob. 3, p p. 340; Pie 
then divide (or multiply) that Area as , and Foy. will bare ] 
the Area requir'd. "WEE Co 
Example, If the Length of the Baſe of: A Trianglar Cooler be 
be 86,4 Inches, and its perpendieulat' Breadth be 57 Inches, what dip 


will its Area be i in Ale Gallons ? of! 

| | be 

Firſt. 86, 4X $7 = 2 62.4. The 282) 2462, 4 (8,73 &c. j 
Or 2462,4 x o, 03546 88,73 &c, the Area in Ale Gabon, | De 


Proceeding thus, you may calily find the Arca of any Tun, Back In « 
or Cooler, whether it be in the Form of a Rhombus, Rhomboides, neſ 
Trapez ium, or of any other Polyg gon, either regular or irregular, as 
in Ale or Beer Gallons, c. if you firſt divide it into Triangles, of 


and then find the Arca's of thoſe Triangles; (as in the 2d, 4th, a 


5th, and 6th Problems in Chap. 5, Part II.) the Sum of thoſe ber 
Area's being divided (or multiply'd) by its proper Diviſor (or Mul- W. 
tiplicator) as above, will give the Area requir'd, « 
Now, the Practical Way of dividing any Polygonous Tun, can 
Back, &c. into Triangles, is by help of a chalk'd Line, fuch as the No 
Carpenter uſe, and may be thus perform'd. | tha 
| Suppoſe any Brewer's Tun, Back, or Cooler, in the rd of the wh 
annex d Figure A BC DFG. Let one End of the chalk'd Line i t 
be faſten'd with a Nail (or otherwiſe) in any Corner or Angle the 
of the Back, as at 4; then ſtraining | 
it to the Angle at C, ſtrike the Dia- 
gonal Line A C upon the Bottom of 
the Back; and ſtraining it again to 
the Angle D, ſtrike another Diagonal 
Line, as A B, und ſo on for the Dia- 
gonal Line G O, &c. Then having 
marked out all the Diagonals, the 1 may be pl 


Angle B, and then, by moving it 1 and fro upon the Stretch, 
find out the neareſt Diſtance between the: Angle at B and the 
Diagonal Line AC; and there ſtrike a Line, and it will mark out 
the Perpendicular from B to the Line, 4 C; and ſo on for the 
other Perpendiculars: Which being all mark” d out upon the Bot 
tom of the Back, meaſure them and each Diagonal by a 1 ol 

Inches 


go * 


— Pam Tang.” 


* dt... Att. ACE dts. as. 4 


437. 
Inches, &c. and then the Ar. of that Back n mpy be computed To 
directed above. 

And here, by the Way, i it may be ce 1 — the Number 
of Triangles will always he leſs by two, and the Number of the 
Diagonals leſs by three, than the Number of rr Sides Pf 
Right-lin'd Figure that is ſo divided; 

Having found (as above) the true rea 90 any OE s Back or 
Cooler (which, according to the Laws of Exciſe, ought always to 
be fix d or immoveable) the next Thing will be to find out the trus 
lipping or gauging Place in that Back, that fo the true Quantity 
of Worts may be r FOR op): at uy Depth ; ; which may 
be thus done. 

1. When the Bottom of he Back: is'cover'd! all over ( of. any 
Depth): either! with Worts or Liquor (viz. Hater) then dip it 
in eight or ten ſeveral Places (more or leſ-according to the Large? 
nefs of the Back) as remote and equally diſtant one from another 
as you well can, noting down the wet Inches and decimal Farts 
of every dip, 

2. Divide the Sik of all thoſe Dips or wet Inches by the N 
ber of Places you dipp'd in, and the * will be the mean 
Wet of all thoſe Dips. 

3. Laſtly, find out ſuch a. 7 lace by the Side of the Back (if you 
can) that juſt wets the ſame with that mean Dip, and make 3 
Notch or Mark there, for the true and conſtant Dipping- place of 
that Back. Then if any Quantity of Worts (which do cover the 
whole Back) be dipp'd or gaug'd at that Place, and the wet Inches 
ſo taken be multiply'd into the Area of the Back in Gallons, 
the Product will ſhew what Quantity (viz. how many Gallons) of 
Worts are in. that Back at that Time, provided the Sides 2 ma | 
Back do ſtand at Right Angles with its Bottom. 


dect. 2. 


Wt find the Area of any Circular and ute 
Superficies i in Gallons, 


He 7 Mn demonſtrated in Cap. 6, Part nm, and bee 3, 5s 
b. Part V, that the Periphery of the Circle whoſe Diameter is 
Unity, or 1, is 3,14159265 Sc. (or for common Uſe 31426) 
and that, its Area is o, 785398 16 Cc. (or O, 854 fere.) 

2. Alſo, that the Peripheries of all Circles are in Proportion 
one to another as their Diameters are; and their Area's are in 
Proportion to the Squares of the Diameters. That is, aa 
13,1416 :: the Diameter of any Circle : to its Periphery. And 
1: 9,7854: the Square of the Diameter: to the Area. 


Upon 


av, 


_—_——— 


438 5 _ Practical Gauging. 


Upon theſe two Proportions depend the Solution of all the com. 
mon or practical Queſtions about a Circle, ¶ See Page 408, 409. 


PROBLEM IV. 


The Diameter of any Circle being given m Saler, to find the 
Periphery. 


Rule 4 Multiply the given Diameter with 3,1416, and the Pro- 
duct will be the Periphery requir'd. [See Prob. I. p. 408.] 


Example. Suppoſe the Diameter of a Circ _ de 54,5 Inches, 
he 


and it were requir'd to find its Periphery. n 54,5 X 3, 1416 
= 171,21, &c, Inches is the Periphery requir'd, The Converſe 
of this is eaſy, viz. by having the Periphery given, to find the Di- 
ameter, [See Prob, 3. Page 408. iy 


PROBLEM V. 


The Diameter of any Circle being given (in Inches) to find i ts 
Area in Gallons. 


0.7854, and the Product will be the Area in Inches; 
[See Probl, 2, P. 408.] that Area being divided by 282, 
or 231, Sc. the Quotient will be the Area required. 


Example. Suppoſe the given Diameter be 54,5 Inches as above. 


irſt 54,5 X 54, = 2970,25. And 2970,25 Xx 0,7854 = 
2332, 83 the Area in Inches: 


Then 282 2724 Ale or Beer Gallons. 
And 231 1 2332, 8 of 0k dene ing Wine Gallons. 
Or 268,8 8,6788 Corn Gallons. 
But theſe Area's in Gallons may be much eaſier found without 
knowing the Circle's Area in Inches, as above, by having the 
Square of the Diameter of that Circle whoſe Area is one Gallon ; ; 
which may be thus found, by Theorem 6, Page 407. 
0,785398: 1:: 282 : 359,05 the Square of the Diambter of the 
the Circle whoſe Area is 282 cubick Inches, viz. one Ale Gallon, 
And from this Proportion will ariſe the following Diviſors ; 


282,000000 (359,05 16 5 


Pix i. eue 231,000000 (294,12 . be a Divi ſir for 
258. 800000 (342, 24 tc 2 
If 


Multiply the Square of the propos'd Dianile; into 
Rule 5 


— 


If the Square of the Diameter of any Circle be divided by any 
one of theſe conſtant or fixed Diviſors, the Quotient will ſhew that 
Circle's Area in their reſpective Gallons, As for Inſtance, in the 
laſt Circle, whoſe Square of its Diameter is 2970, 25. 

Then 359,05 5 „ $6257 26 A. G. =O 
And 294,12 Neno 10,0988 dh Area in) N. Gerbe 
Or 342, 24 3, 6788 = CC. G. 

Now theſe Diviſors may be turn'd into Multiplicators by divid- 
ing Unity or 1, as in Page 435 : Or rather by dividing the Area 
in Inches of that Circle whoſe Diameter is 1. 

I.) IMat is, 0,785398 by 282. Or by 231, &c, 
Thus 282 | 


W | ; Ale Gal. 
And 231 $0,785398 4 0,003399 Te l uke. for 3 Wine Gal. 
Or 268,85 o, oo2922 0 Corn Gal. 


Theſe Multiplicators are the reſpective Area's of a Circle whoſe 
Diameter is 1; and therefore, if the Square of the Diameter of 
any Circle be multiply'd with any of theſe Numbers, the Product 
will be that Circle's Area in Gallons of the ſame Name: | 
Viz. 2970,25 x 0,002785 = 8,2725 the Area in A. G. as above. 
And 2970, 25 x 0,003399 = 10,0988 the Area in V. Gal. &c. 

Thus you ſee, that, if the Diameter of any Circle be given in 
Inches, there are three ſeveral Ways of finding its Area in Gal- 
lons, and all equally true; but that which is perform'd by the con- 
ſtant Diviſors is moſt generally practis d. 795 


7. n 155 
The Tranſverſe (or longeſt Diameter) and the Conjugate (or ſhort- 


teſt Diameter) of any Elliptical Superficies being given, to find its 
Area in Gallons. | 


Multiply the two Diameters (viz. the Length and 
Breadth) together, and divide their Product by 359,05 
Rule. for Ale Gallons, or 294, 12 for Wine Gallons, c. the 
Quotient will be the Area requir'd.. [See Theorem 7. 

Page 412. b e 
Example. Suppoſe the longeſt Diameter to be 73, 5 Inches and 
the ſhorteſt Diameter to be 51, 6 Inches; what will the Area be 
in Ale Gallons ? ack 6 15 e 
Firſt 73, 5 x 51, 6 = 3792, 6. Then 359,05) 3792, 6 (10, 56 
the 194 5 A Gem. "Or 294,12) 3792, 6 (12, 89 the 755 

in Wine Gallons, &c, „„ 

| Note, 
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£2 Of retreat On Sandi ITO 


Nate... THe two” Problems a 
Worts arnbn 13 cdurrry VIctuallers, Sr, generally brew but ſhort 
Lengths of Ale 1 55 between 20 And 60 Gallons at a Brew. 
ing) and cool their Worts in ſeveral ſmall open Veſſels or Tubs, 
| wh Baſes or Bottoms are either à Circle, or an Ellipſis, having 


their Sides but low, and are moſt commonly wider at the Top | 


than, a at the Bottom. 3 

Now | a practical Way of computing the Quantity bf Worts, 
chat are at any loves in one of thoſe open Tubs, is briefly thus: 
When the Tub is d 15 the true AL of its Bottom according 
to its Figure cababork nd either mark that Area on the Out: 


ide of the Tub (odich was the Way I generally us'd to order, 


ecauſe the Victuallers did often lend their cooling Tubs one to 
abdtbei) or elſe number the Tub, and enter its Area (and its 


Number) into the Stock- book; then when any of thoſe Tubs | 


bath Worts in it, take the Diameter of the Surface or Top of the 


Worts, and find that Area, adding it and the bottom Area toge- 
ther, If either the Half Sum of thoſe two Area's be multiply'd with | 
the Depth of the Worts (taken as near the Middle of. che: Tub ag | 
you well can) or, if the Sum of thoſe two Area's be multiply d 
with half the Depth (ſo taken) the Frodutt will ew, * e | 


Me 'of obs ken Os near the Truth. 
p R 0 5 5 E M. VII. 


The Diameter of any Circle, and the ver 2d Sine, viz. (the Height) ; 
| = any Segment, being n to erh: te Area Y _ 8 e 1 


Gullons. a 
WP the 410th and MORE Pages you have two Ways land 1 their 


3 of finding the Area of any Segment of a Circle in 5 


Inches; then if that Area in Inches be divided by 282, or 231, Cc. 


the Quotient will be its Area in Gallons. But 8 the Area of 
. any ſuch Segment may be readily found in Gallons (without find- 
Ing its Area in Inches) by help of à Table of Segments, whoſe 


Conſtruction is laid ng in the Problem, Page 411, &c I have 


here inſerted a Compendium of ſuch a Table, which will ſerve ve- | 
ry well for common'Practice, not only to find the Area of any Seg- | 


ment of a Circle in Gallons, but a to find the Number of Gal- 
lons that are either drawn out, or remaining in any Cylindrick 
Veſſel lying along; or of any cloſe Caſk (being firſt reduced to 
a Cylinder) its Alis hing parallel to the Horizon, uſually calld 
the 4 Wage of a Caſk; as ſhall be ſhew'd farther on. 


"of great U in . T of | 


| 


A Tabie | 
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A Table of the Segments of a Circle whoſe Area is Unity or 1, | 1 
the Diameter being divided by parallel Chord- Lines into 100 1 


f equal Parts, | | 
| J. S. Segment 7 S, Segment FV. S. Segment | V. S. Segment | il 
21 1]0,0017 '2610,2066 $110,5127 760, 8185 1 
s 2| 0,004.3 270, 2178 520, 525 57740, 8262 
S | 3 o, oo87 28, 2292 5310, 5382 78 o, 8369 
; 4|0,0134| 290, 2407 54,5509 79,8474 
7 5 0,187 30 ſo, 2523 0.5635 800.8576 
> WM | 6j0,0245 310, 2640 560, 5762 81,8677 
g 7 ; 0,0308 32 0, 2759 570.5888 820, 8776 
8 8, 375 33 0, 2878 580 0014 830, 8873 
0 9 o, 446 34 0, 2998 590, 6140 840, 8968 
00 0,0520 _35 8.3119 60 fo, 6265 85 [o, 9oʒ 
i Wl i | ©0,0598 36 0,3241 610, 63 89 860, 9149 
37112 '0,0680 37 0,3364 62 0,6514| | $710,9236 
; W| 13, , 64 38 , 3486 630, 6636 88 o, 9320 
4,851 39, 3011 64,6759 89 o, 9402 
: 15 70941 4.953235 65 o, 6881 90 0,0480 
76. , 1032 410, 3860 660, 7002 910, 98 54 
17 0,127 42 0, 3986 670, 7122 920, 9625 
| 18;0,1224 43 ;0,4112 6810, 7241 93 o, 9692 
; 9,1323 44 O, 4238 69 0,7360 94 9,9755 
4.20 , 424 45,4305 EDF 
1215, 7526 46,4401 71,7593 90 o, 9866 
1122 0, 1631 47,4018 72 o, 7708 97,9913 
23,1738 48,4745 73 10,7822 93 ,0,9952 
4,1845] | 49j9,4873! | 74[0,7934] | 99 0,9983] 
„ Wt 25 0, 1955 50 o, ooo 75 , 8045 100 -1,0000 
f | 


The Uſe of this Table of Segments depends upon the following 
e Proportion, 
- As the Diameter of any propos'd Girele': is to 100 (the 
VZ | Diameter of the tabular Circle) : : ſo is the Height of an 
- { Sezment of the propos'd Circle: to a verſed Sine in the Table. 
K Then, if the tabular Segment, which ſtands againſt that verſed 
o Ene, be multiply'd into the Circle's Area (either in Inches or 
d Gallons) the Product will be the Area of the Segment requir'd 
'of the ſame Name] viz. If the Circle's Area be ches the Seg- 
ment will be Inches; if Gallons, the Segment will be Gallons. 
L +] Example. 


* 
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Example. Let the Diameter of the given Circle be DA=62,; I 
Inches, and the Height of the Segment . need 
fought be FA=20 Inches; What will 
its Area be in Ale Gallons? 

Firſt, the Area of the whole Circle 
will be 10,8793 Ale Gallons (by Pro- H{—— Tj 
blem 5.) and the Proportion will ſtand 
thus, 62,5 : 100 : : 20 : 32 the ver- Þ 


fed Sine of the Table whoſe Segment 1s * 
0,2759. Then, 10,8720 x 0, 2759 3, f 

o016 Ale Gallons, being the Area of the 3 BAG HAU 
was requir'd, The like may be done for Wine Gallons, Com ö 4 4 
Gallons, or Inches. with 
And, upon Occaſion, the like Segments of any Ellipſis may be 
eaſily rand, See the Proportions in the Corollaries to the 7th {qua 


and 8th Theorems, Page 412, &c. to which I here, for Brevity's 
Sake, refer the Reader, 


dect. 3. To compute the Contents of ſuch Veſſels (viz, Tuns, c.) 
as are in the Form of the following Solids. 

Note, Before the young Gauger proceeds to theſe Computa- O 

tions, he ſhould be well acquainted with ſuch Solids as are defin'd Nor w 

in P. 402 and 403, and then he may eaſily underſtand what Sort I the P 


of Figures are meant in the following Problems, without the Re- 
petition of many Words. 


PROBLEM VIII. 


7 
7⁵ find the Content, of any Priſm whoſe Sides are Parallelograms 1 
what Form ſcever its Baſe is of. 


That is, to compute the Content (in Gallons) of any Tun, &c. . 
whoſe Sides are Parallelograms which ſtand upright, or at Right 1... 
Angles with its Bottom. Quot 

F irſt, find its ſolid Content in Inches, by Theorem 9, Page 414; Galle 
then divide that Content by 282, or 231, or by 268, 8; the Quo- B 

tient will ſhew the Content in their reſpective Gallons, VIZ, in AR nd 4 
Wine, or Corn Gallons. fruſt 

Or elſe multiply the Content in Inches with o, o0 3540, 0 TY 
0,004329, Sc. [See the Multiplicators, Page 435] thoſe Pro 
ducts will be the Content in their reſpective Gallons, 

Or otherwiſe thus: : 
Find the true Area of the Tun's Baſe or Bottom, as directed i ul 


Sect. 1, P. 435; that Area being multiply'd with the Tun 


Height (v. Depth within ) will produce the Content! in Gallon: 
a8 before. | I takd 


— 
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I take the Work of this Problem to be ſo very My; that it 


needs no N 


| P ROB L E M IX. 
To foud the Content of any Pyramid (in Gallons) why Baß is 
bounded with Right Lines; 


Every Pyramid i is one Third-part of its dirednifcribing Priſm, 
by Theorem 10, Page 415, Therefore, if the Area of the Baſe 


of any Pyramid, in Gallons, be multiply'd into one Third of its 


perpendicular Height; or if one Third of that Area be multiply'd 


tent of the Pyramid 1 in Gallons, Sc. But the Content of an 
quare Pyramid may be eaſily found in Gallons by this Rule: 
„Square the Side of its Baſe, and multiply that Square 


C Gallons, the Quotient will be the Content requir'd. 
ta- Or; if you multiply the ſaid Product with 0,001182 for A. G. 
n'd Hor with 0,001443 for . G. or, laſtly, with 0,001241 for C. G, 
ort ¶ the Reſult will be the Content requir'd, as before. 


PROBLEM X 
To find the Content (in Gallons) f the Fruſtum of any ſquare 
uy Pyramid, cut off by a Plain parallel to its Baſe, 


* Firſt, Either by Theorem 15, Page 419, or Theorem 16, P. 420, 


ind the propos'd Fruſtum's Solidity in Cubick Inches; then di- 
ide that Content in Cubick Inches by 282 or 231, Cc. and the 
Wvotient will be the Content of the Fruſtum in their reſpective 
| Gallons. 
Ve; But, from the foreſaid Theorem 15, there may be eaſily dedu- 
ted the following general Rule for finding the Content of the like 
Iruſtum of any Pyramid, what Form fever it's Baſes are of (ſup- 
ſoſing them to be parallel) whether they are alike or unlike. 
Firſt, find the Area of each Baſe, (viz. the top and bot- 
tom Area's of the propos'd Fruſtum ;) then find a Geo- 
"= metrical Mean between thoſe two Area's (by Lemma 1, 


Page 83 ;) the Sum of thoſe two Area's and their Mean, 
Tun being multiply'd into one Third of the Fruſtum's Height, 
you will produce the Content required, 
tak 


L ] 1 2 Example. 


with the whole Height, either of thoſe Products will be the Con- 


with the perpendicular Height; then divide that Pro- 
Rule. duct by 846 =282 x 3 for Ale Gallons, or by 693 2231 
z for Wine Gallons, or by 806, 42 268, 8 x 3 for Corn 


nne. 
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Example, Suppoſe a Tun in the Form of the lower Fruſtum Or 
of a Pyramid, whoſe Baſes are Equilateral Triangles : Let the 
Side of the Top be 42 Inches, the Side of the Bottom be 63,4 In- 
ches, and its Height [viz. Depth] be 33 Inches ; What will the 
Content of that Tun be in Ale Gallons? in t 

Firſt, find the Area of that Baſe in Inches, by Probl. 7, P, 343; 
then find what thoſe Area's are in Ale Gallons, by Probl. 3. P. 430. per 
Multiply thoſe two Area's together and the ſquare Root of their I in 


Product will he the mean Area, &c, as in this Example: Fir. 
Example. The Bottom & Area is 6,1 Eat Gallons, — 
Mean 5 C 4,07 | Cor 


Their Sum 12, 90 


Then 12, X 311 . 33 147,9 the Con- 1 
tent required. Dia 
PROBLEM XI. Eo 
J find the Content of any right C ylinder in Galloms, ded! 
That is, to compute the Content of any round Tun, Qc. whoſe 
Diameters at Top and Bottom are equal, and at Right Angles with . 
its Sides. | wo Ru 


The Content of ſuch a Tun may be found by Theorem 11, 
Page 415; or otherwiſe by the following Rule. 
C Multiply the Square of the Diameter into the Height, . 
1 and divide the Product by 359, o5 (or multiply with the 
Rule. 0,002785) Sc. as in Page 439, that Quotient (or Firſt 
Product) will be the Content required, - Alſc 
Eram. Suppoſe the Diameter be 42, 5, and the Height 31, 5 Inches. 
Firſt 42,5 X 42, 5 1806, 25. And 1806, 25, 31, 5 256896, 875. The 
Then 359,05) 56896, 875 (158, 46 the Content in Ale Gal. &c. Or: 


PROBLEM Mt © 4 
To find the Content of any Cone or round Pyramid in Gallons. its“ 


_ Becauſe every Cone is one Third of its circumſcribing Cylin- are 
der, [See Theorem 13, Page 416] therefore its Content may be may 
truly found by the following Rule, | 

| Multiply the Square of the Diameter of its Baſe inte 


' She perpendicular Height, then divide their Product The 

Rite. <by 1077,15=359,05 X 3 for Ale Gallons, or by, 
= J8$2,36=294,12 X 3 for Wine Gallons, &c. and the we 
1C 


Quotient will be the Content required. 8 


CH. —⏑ VS 
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Or if the ſaid Product be multiply'd with 0,000928 = , 


or with 0,001133 = L234 thoſe Products will be the Content 


in their reſpective Gallons. 

Example. Suppoſe the Diameter of the Baſe be 425, and the 
perpendicular Height be 31, 5, Inches, What will the Content be 
m Ale Gallons ? (as before. 
Firſt 42, 5 x 42, $=1806,25. And 1806, 25 x 31,5z=56896,875 
Then 1077,15) 56896,875 (52,82. Or 56896,25 x 0,000928 
= 52,82 the Content in Ale Gallons, And fo on for Wine or 


Corn Gallons. 
PROBLEM XII. 
To find the Content of the Iower Fruſtum of any Cone in Gallons. 


That is, to compute the Content of any round Tun, &c. whoſe 
Diameter at Top and Bottom are parallel, but unequal, 
The Content of ſuch a Tun may be found by the Rule at Pro- 


blem 10; but from Theorem 16, Page 420, 'twill be eaſy to 


deduce this following Rule. 

To the triple Product of the top and bottom Diameters, 
da add the Square of their Difference; multiply that Sum 
Rule. into the Height (or Depth): then divide the laſt Pro- 


duct by 1077,15 for AleGallons, or by 882,36 for Wine 


Gallons ; the Quotient will be the Content required. 


Example Suppoſe the Diameter at the Top to be 52,4 Inches, 
the Diameter at the Bottom 4.5,6, and the Height 30 Inches. 


Firſt, 52,4 * 44, 6 2233), oq; and 2337,04X3 8 12 * 
Alſo, 62, FIC 7,83 and7,8 x 7,8= 60,84 Add 


_ The Height zo * 707 t,g6=21215 58,8. 

Then 1057, 5 212158,8 (196,96 

Or 2121 56,8 x 0,000928=196,96 debe Content in Ale Gallons. 
And ſo on for either Wine or Corn Gallons, as Occaſion requires. 


But if the Tun (or Veſſel) be not truly circular, that is, if either 


its Top or Bottom (or both of 'em) be Elliptical, whether the 


are are alike or unlike, it matters not, the Content of ſuch a Tun 


may be truly found by the general Rule at Problem 10. 
PROBLEM XIV. 


The Axis or Diameter of any Sphere or Globe being given in Inches 


to find its Content in Gallons. 
Every Sphere is two Thirds of its circumſcribing Cylinder, by 
Theor. 18, Page 423 ; from WRENcE and Theor. 20, Page 426, *tis 


proved, 
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5 that 7 the Cube of the Axis of any Sphere (taken in in 
Inches) be multiply'd into o, 5236, the Product will be the Con- 
tent of that Sphere in Inches. Conſequently, if that Content be 
divided by 282, or by 231, Sc. the 3 will be the Content 
in Gallons. 

But thoſe two Works of multiplying with o, 5230, and then 
dividing by 282, or by 231, Sc. may be contracted into one. 


1 25 No. 5236 7 9405 g il be a Multiplicator for q jj. c. 


Oro,52 3672374 by 4 5 7 $ will be a Divifor for 1 

From hence ariſes this following Rule. | 

If the Cube of the Axis of any Sphere be divided by 
538,57 ; or multiply'd with 0,001856 : or divided by 

Rule. 441,17; or elſe multiply'd with 0,002266 ; the Quotient 

| or Product, will be the Sphere's Content in their re- 

( ſpective Gallons. 

Example. Suppoſe the Axis or Diameter of a Sphere or Globe 

be 22 Inches, how many Ale Gallons may it hold? | | 
Here 22x 22x 222210648; and 538,57) 10648 (19,76 A. 6 
Or 10648 x 0,001856=19,76 Ale Gal. the Content required. 
And ſo for either Wine or Corn Gallons, as Occaſion requires, - 


PROBLEM Xv. 


75 find the Content of a Segment of a Sphere in Gallons. 


In the Scholium, P. 424, there are two Theorems for reſolving 
this Problem according to the Data. 

1. If the Diameter of the Segment's Baſe and its Height are 
given, the Content may be found by the firſt of thoſe Theorems, 
which gives this Rule: 


ä (To the triple Square of half the Diameter add the 
Rule 1 55 


Square of the Height; then multiply that Sum into 
the Height, and divide the Product by 538, 57 for 
A G. or by 441,17 for J/ G, &c. as above. 


2. But if the Axis of the Sphere, and the Height of the Seg- 
ment are given, the Content may be found by the ſecond of thoſe 
Theorems. 
From the triple Product of the Axis into the Height, 
D ſubtract twice the Square af the Height; then mul- 
Rule 2, tiply the Remainder into the Height, and divide that 
Product by 538,57; &c. 1 in the laſt Problem. 


Either 


7; 
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| Either of theſe Rules will produce the Content of the Segment 
. in Gallons. | 


Example. Suppoſe the Diameter of the Segment's Baſe be 28 
Inches, and its Height be 8 Inches, what may it contain in Ale 
Gallons ? 


Firſt 2) 28 (14, Then (by Rule 1. I4 * I4 * 3 = 588. 
And 6x6==36. Next 588 + 36==624. Again 624 x 6= 3744- 
Lally, 538,57) 3744 (6,95 the Content required. 


Note, This Problem may be of Uſe in Gauging _ Crowns. of 
Brewers Coppers, &c. | 


4. The practical Method of Gauging any fir q Tun or Copper, and 
1 a Table to ſhew what it will hold at every Inch deep, uſu- | 
ally call'd Inching of a Tun, &c. 


Firſt, you muſt know, that moſt (if not all) Brewers Tuns 
are ſo fix'd as to lean a little for Conveniency of cleanſing their 
e Drink, which is uſually call'd the Drip or Fall of the Tun. Now 
this Drip or Fall of any Tun is the Hoof of ſuch a Solid as that 
Tun is ſuppos'd to repreſent, and under that Conſideration it ma 
1, ] be found, as in Theor. 16, P. 420 : But the practical (and indeed 
the beſt) Way i is, to meaſure into the Tun (when *tis dry) ſo much 
| Liquor as will juſt cover its Bottom ; for by that means you do not 
only find the true Fall, but alſo a true horizontal or level Plain o- 
ver the Bottom of the Tun; from which if che Depth of the Tun 
oz. the neareſt Diſtance from the Top of the Tun to the Surface 
2 WM of the Liquor) be ſet off upon every one of its Sides, you will then 
have a true paralle] Plain at the Top of the Tun to that of the Li- 
rc W quor. Then, if the Sides of the Tun are ſtreight from the Top to 
„ the Bottom, take as many Dimenſions in the aforcſaid two Plains 
as are needful to find the true Area of each ; and by thoſe two 
ne MN Area's and the aforeſaid Depth find ſo much of the Tun's Content 
to IF (by the general Rule at Problem X.) as is betwixt thoſe two 
or Plains. 
Next, to inch that Tun, divide the Difference between the Top 
#- and Bottom Area's by the aforeſaid Depth, and the Quotient will 
ſe be an Addend or fixed Number; which being added to the leſſer 
Area, the Sum will be the Area of the next Inch; and, being add- 
it, Ned to that Area, their Sum will be the Area of the third Inch; 
l- WW and fo on from Inch to Inch, until the Area of every ſingle Inch 
at be found; the Sum of thoſe Area's (if the Work be true} wilt 
. amount (o or be equal) to the Content found, as above. And if 


| the 
ler | . 
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the Tun's Drip or Fall be added to the Sum of all thoſe Aren 
that Sum will be the whole or full Content of that Tun. 

Now, from hence it muſt needs be eaſy to conceive, that if 1, 
2, 3, or any Number of thoſe Area's accounted from the Bot- 
tom, be added to the Fall, that Sum will ſhew the Quantity of 
Liquor or Drink that is in the Tun, to ſuch a Number of wet In- 
ches from the Bottom as there were Area's added together. Or, 
if the Sum of any Number of thoſe Area's (being accounted from 
the Top) be ſubtracted from the Tun's whole Content the Re- 
mainder will ſhew what Quantity of Liquor or Drink is in the 
Tun, when there is ſuch a Number of dry Inches from the Top as 
there were Area's ſubtrafted, 

This being well conſider'd, it will be eaſy to make a Table 
either to every wet or dry Inch of any regular Tun (viz, whoſe 
Sides are ſtreight from Top to Bottom) what Form ſoever its Baſes 
are of, and whether it ſtand upon the greater or leſſer Baſe. 

But if the Sides of the Tun are irregular (viz. not ſtreight from 
its Top to the Bottom) then the beſt and eaſieſt Way will be to di- 
vide or part the Tun into ſeveral Fruſtums, each of ten Inches 
deep; and finding the Content of every ſingle Fruſtum, by taking 
the Diameters in the Middle of every one of thoſe ten Inches 

that is, the firſt Diameter at 5 Inches from the Top; the ſecond 

iameter at 15 Inches from the Top, &c.) and multiplying their 
reſpective Area's with 10, (which is done by only removing the 
ſeparating Comma's one Place forward to the right Hand) it the 
Sum of all thoſe Fruſtums be added to the Fall, (as before) ; that 
Sum will be the whole Content of the Tun. 

Note, If you take the Height of the foreſaid ten Inch Fruſtums 
in the Side of the Tun, you muſt allow for the Difference between 
the ſlant Height and the perpendicular Height in every Fruſtum. 

Laftly, If from the whole Content of the Tun you ſubtract the 
mean Area of the firſt Fruſtum ten Times, and from the Remain- 

der ſubtract the mean Area of the ſecond Fruſtum ten Times, and 
from the laſt Remainder ſubtract the mean Area of the third Fru- 
ſtum, &c. until there remain nothing but the Fall or Hoof of the 


Tun, you will then by that Means have a Table that will new F; 


what Quantity of Drink is in the Tun to any Number ofdry Inches, 
And this is alſo the Method of Gauging and Inching Brewers 
Coppers, vix. by firſt meaſuring into the Copper ſo much Liquor 
as will juſt cover its Crown, and then dividing its perpendicular 
Height into Fruſtums, and its Sides into four equal Parts, that ſo 
croſs Diameters may be taken in the Middle of each F ce 

| ut 


In 
follon 
Inch 


but put if the Copper be much wider at the Top than at the Bottom, 
and its Sides ſpheroidal or arching, as generally all large Cop- 
pers are; then, inſtead of taking thoſe mean Diameters in the 
Middle of every ten Inches, as above, you muſt take them in the 
Middle of every ſix Inches, and proceed on as before. 

Now the Quantity of Liquor, that would cover the Crown of 
the Copper, may be found without meaſuring it, as above. In 
order to that, I do ſuppoſe the Crown to be the Segment of a 
Sphere, and the lower Part of the Copper wherein the Crown 
ariſeth, to be the Fruſtum of a parabolick Conoid ; then, if the 
Diameter at the Top of the Crown, and its perpendicular Height 
are given, the Quantity of e waged be found vy this fol- 
ole N lowing Rule: 


le From the Area of the Plain at ha Top of the Crown 
fs ©  Vlubtract SE of the Area of the Crown's Height; ; the 

Rule. 'Remainder, being multiply'd into half the Height ' 
om the Crown, will produce the Quantity or "Yves of 
* Gallons that will cover the Crown. | 
es 


This Rule is deduced from Scholium, Ts 424, and Theorem 
hes 15. P, age 430. 

nd LA. 95 To compute the N of any cloſe Caſk in Gallons, 
Cir viz, of any Butt, Pipe, Hogſhead, Barrel, &c, 


In order to perform this difficult Part of Gauging, the three 


Inches, and Decimal Parts of an Inch. 


. The Bulge or Bung Diameter within the Caſk. 
UR Jute of the Head Diameters, ſuppoſing them both equal. 


And the Length of the Caſk within. 

the Vote, In taking of theſe Dimenſions, it muſt be carefully obſerv'd, 
in- 1. That the Bung- hole be in the Middle of the Caſk ; alſo 
and that the Bung- ſtaff and the Staff over-againſt the Bung-hole 


"ru- Eire both regular or even within. 


the 2. That the Heads of the Caſk are anal. Pa truly circular ; 

new Hit ſo, the Diſtance between the Inſide of the Chine to the 
hes. Outſide of its oppoſite Staff will be the Head Diameter with- 
wers in the Caſk, very near. 


| take the ſhorteſt Diſtance at Length between the Outſides 
of the To Heads; (ſuppoſing them *even) from that Length 
ubtract I 2 ; Inch (more, or leſs, according to the Largeneſs of No 

M m m | Caſt 
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has following Dimenſions of the propoſed Caſk mult be truly taken in 


3. With a ſliding Pair of Calipers {made on purpoſe . that 


— nat. ok — — * 2, - — 
— —— ww ate ARIEL — — - - * — 
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and FG D are the Bounds or Staves 


Rule. x. 


Caſk) tor the © Thicknef of the two Heads, the Remainder wil 


be the Length of the Caſk within, 


Now, by theſe Dimenſions, one . ſuppoſe the Content of 


the Caſk were perfectly limited; but it will be eaſy to per- 


ceive, by the following Figure, that the Diameters (aboveſaid) 
and the Length of one Caſk may be equal to thoſe of another, 
and yet one of thoſe Caſks may contain or hold ſeveral Gallons 
more than the other. 


As for Inſtance, ſuppoſe the annex'd Figure A B E. D F to 
repreſent a Caſk ; then it is plain, that, 
if the outward curved Lines A B C 


of the Caſk, it muſt needs hold more 
than if the inner ſtreight or prick'd 
Lines were its Bounds or Staves ; and 
yet the Bung Diameter B G, Head Dia- 
meter C D and A E, and the Length 
L H, are the ſame in both thoſe Caſks. - 


Whence it plainly appears, that no one certain or genera 


Rule can be preſcrib'd to find the true Content of all Sorts of 


Caſks, and therefore Gaugers do uſually ſuppoſe every Caſk to 


be in Form of ſome one of theſe following Solids. 


II. The middle Zone or Fruſtum of a Parabolick Spindk, 
III. The lower Fruſtums of two equal Parabolick Conoids, 


85 I. The middle Zone or Fruſtum of a Spheroid. 
8 5 
IV. The lower Fruſtums of two equal Cones. 


Now the Way of Gueſſing at the Caſk's Form, and computing 


its Content, according to Its  ſuppos'd Form, I ſhall here ſhew iy 


their Order. 


F. If the Staves of the Caſk are very much curved or arching 
(as the outward Lines of the laſt F igure) then the Caſk is ſup- 


pPos'd to be in the Form of the middle Zone or Fruſtum of 1 
Spheroid, whoſe Content may be computed, by Theorem 22. Pay: 


427, which gives theſe two Rules, 


To twice the Square of the "I 8 add the 
Square of the Head Diameter; multiply that Sum in- 
to the Length, and divide the Product by 1077,15. 
Viz. 3,8 197 X 282 for Ale Gallons; and by 882, 36. 
Vix. 358797 * 231 for Wine Gallons, Or thus, 


Rule 


| 


Kule. 


ea Gauging. 4757 
. Ts twice the Area of the Bung Cirele 200 the Area 
Rule 2. $ 


of the Head Circle; multiply their Sum into one 
Third of the Length, and the Product will be tlie 
Content in their reſpective Gallons. 


Example 1. Suppoſe a Caſk in the Form of the middle Zone 
of a Spheroid, whoſe Bung Diameter is 37,5, Head Diameter 
24,5, and its Length 42 Inches. | 


Firſt 31,5X31,5X2= =1984,5. And 2:5 K245u=600,25 
Again 1984,5+600,25=2584,75. And 258 437 5842=108559,5 
Then 1077,15) 108559,5 (100,78 the Content in Ale Gallons. 


And 882,35) 108559,5 (123,03 the Content in Wine Gallons, 


Or thus, by the Second Rule, 


Bung Diameter 31, 5 twice its Circle's Area is 55270 
Head Diameter 24,5 its Circle's Area is 1,6718 
The Length 42 divided by 3 is 14. 7,1988 =theirSum; 
Then 7,1988 X14=100,78, the Content in A. Gallons as before; 
And fo the Content in Wine Gallons may be found, 


II. If the Staves of the Caſk are not quite ſo much cutved or 
arching, as was ſuppos'd before, the Cask is then taken for the 
middle Fruſtum of a parabolick Spindle, and its Content is corti- 
puted, as by Theorem 27. Page 432. Which gives this Rule. 


« To twice the Square of the Bung Diameter, add the 
Square of the Head Diameter ; trom their Difference 
ſubtra& four Tenths of the Square of the Difference 
of the Diameters; multiply the Remainder into the 
Length, and divide che Product by 1077, 53 Cc. as 
above. . 


Example 2. Suppoſe the Dimenſions the fanie as before. Then 


31,5 X 31, 5 X 2: + 24,5 X 24,5 = 2584.75. And 31,5 — 
24,5 = 7. Again 7X7X0,4=19,6. And 2554,75— 19,6 x 42= 
1077 36,3. Then 1077,15) 1077 30,3 HOSE the Cont. in A. G, 
&c. for I, G. 

III. When the Staves of the Caſk are but very little curved or 
arching, then it's ſuppos'd to be in the Form ot the Fruſtums of 
Two equal parabolick Conoids, abutting or joining together upon 
one common Baſe at the Bulge, and the Content may be found 
by Theorem 25, Page 430. which gives theſe Rules, 


M m m 2 


Rule 


— hs — wo CAS. 
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þ T To the Square of the Bung Diameter add the Square by tl 
5 Jof the Head Diameter; — their Sum into the poſe. 
Rule 1. Wength, and divide the Product by 718,08 (viz, plair 


2,5464 X 282) for Ale Gallons : or by 588, 22 (viz, WW is, b 

2,5464 X 231) for Wine Gallons, Or thus, Cas) 

| To the Area of the Bung Circle add the Area of the fl 

Rule 2. 5 Head Circle; multiply the Sum into half the Length, 
and the Prod ut will be the Content required. 


Example 3. With the ſame Dimenſions as before. Then 

315X315 +2455 X24,5=1592,5., And 1592,5X42 =66885 | 

And 718,08) 66885 (93,01 the Content in Ale Gallons, 

Or 588,22) 6688 5 & 13,7 the Content in Wine Gallons. E 

IV. If the Staves of the Cask are freight from the Bulge to the . 

Head, as the inner prick'd Lines in the laſt Figure (if ſuch a 

Cask can be made) it is then taken for the lower Fruſtums of two 

equal Cones, abutting or joining together upon one common Baſe I - 45 

at the Bulge. And its Content may be computed as at Problem ; 

13 Page 445. or by Theorem 15. Page 419. Thus, 5 

| To the Sum of the Squares of the Head and Bung Dia- F 
meters add their Product; then multiply that Sum in- each 

Rule, to the Length, and divide the laſt Product by 1077,15, ly ft 
- Or by 882,36. The Quotient will be the Content, &. of c 


> 

Example 4. With the fame Dimenſions as before. uſe 

Firſt 31,5>31,5+24,5*24,5+31,5X24,5=2364,25 | 7% 
And 2304,25X42==99298,5. Then 1077»15)99298,5 (92,18 7 
the Content in Ale Gallons, and ſo on for Wine Gallons. 15 
Thus you have the Methods of computing the true Contents of = 
the four Solids, in whoſe Forms all Casks Lal 
are ſuppos d to be. And by the Exam-| Ale Gallons. 1 the! 
ples it appears, that four ſuch Casks ashave] I. 100,78 Differ. I wor 
their Dimenſions all equal, and the fame| II. 100, 1 0,77 Cas 
with thoſe abovs-mention'd; their Con-| III. 93,01 7,00 nea 
tents will be ar in the Margin. | IV. 92,181 o,8M are 
Fiche the Viſproportion or Inequality of theſe Differences i Wi 


will be eaſy to conceive, that there may be ſeveral Casks whoſd S-- 
Contents cannot be truly found, according to the aforeſaid ſup 


pos'd Forms ; and therefore, in order to rectify the ſaid Inequally} « 
ties, ſome Authors (that have written upon this Subject) havd Cay 
laid down Theorems of their own Invention; (and yet call'd then] 


by 
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e by by theſe Names) others have propogd: Tables for the fame Pur- 
e poſe. But ſince it is ſo, that we can only gueſs at the Truth, the 
. plaineft and eaſieſt Way is to be perferr'd in Practice; and that 
is, by finding ſuch a mean Diameter a8 will reduce the propos d 
Cask to a Cylinder. 
Multiply the Diarence between the Head and Bung 
Diameters, with o, 7. or with 0,65. or with 0,5. or with 
Jo, 55. according as the Staves of the Cask are more or 
leſs arching 3 add the Product to the Head Diameter, 
and the Sum will be the mean Diameter required. Then 
find the Content, as at Preb. 11. Page 444. 


Example, With the ſame Dimenſions as before. Then the 
the Bung Diameter leſs the Head Diam. is 31,5—24,5=7. And 


1 4 . A. G. Cont, | Dif. 

wo C X0,7 = 29,40 its Area 2,4073X42=101,10] 

aſe 24,5 7 X 0,65 = 29,05 — 2,3594X42= 98,71] 2,39 

lent % 7 X 0,6 = 28,70 - - 2,2941X42== 96,25 2,36 
7 X 0, 55 28,35 2,2385 x42 = 94,02] 2,32 


Jia. From theſe it may be obſerv'd, that the Difference between 


125 each Cask's Content is regular, and very near equal; which plain- 
i: ſhews, that there is not ſo much Room left for Error this Way 
5; Jof computing their Contents, as was by the aforeſaid Forms. 
Nou the firſt of theſe four (viz. with 0,7) is very commonly 
uſed amongſt Gaugers for all Sorts of Casks ; but I did never 
gauge any Cask that would contain quite ſo much as that Rule 
> 180 3d make it; and the Reaſon doth appear very plain from 
' IN 7 Scorem 22. Page 427. being compar'd with Theorem 19. Page 
426. and the laſt Figure; viz, that no Cask (being regularly 
its 0 made) can hold more than the middle Fruſtum of a Spheroid. But 
FU lalways found by Experience, that if the ſecond and third of 
theſe Rules (viz. with 0,65 and 0,6) were duly apply'd, they 
fer. would anſwer very near the Truth amongſt the common Sort of 
0, J Casks ; and the fourth Rule (viz. with o, 55) will come pretty 
750% near the Truth in computing the Contents of Casks, whoſe Staves 
0,8 are almoſt ſtreight betwixt the Head and Bung, viz. ſuch as 
ces ii Wine Pipes, Sc. 
whoſd Sec 6. To find what N of Liquor is either drawn forth, 
d ſupf or remaining, in any ſpheroidal Cask, Wy call'd the Ullage 
quali of a Cask; hath two Caſes. 
have] Caſe 1. To find what Quantity of Liquor is in the Cask, when its 
the Axis is perpendicular to the Horizon, viz. when it ſtands up- 
by right upon one of its TERS, 1 
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In order to perform this the eaſieſt Way, it will be conve. 
nient to know how to calculate the Area of any Circle .betwixt 
the Bung and Head, whoſe Diſtance from the Bung or Middle of 
the Cask is given, Now that may be done by this Proportion, 
+ As the Square of half the Length of the Cask: is to the 

Difference between the Bung and Head Area's: : ſo is the 

Square of any Circle's Diſtance from the Bung : to the Dif- 

} ference between the Bung Area, and the Area of the Circle, 
wiz, the Area of the Liquor's Surface. 


Demonſtration. op ons 
| H Half the Length of the Cask. F f 
4 


Viz. 


D=Half the Bung Diameter. 
4 = Half the Head Diameter. 


5 P=the Diſtance of any Circle from P 
And 5 


the Bung F 
a = Half the Diameter of that Circle. 


4. 


T ben according to the common Property of the Ellipſis, Page 
368, it will be, . ES 3 
BB : DD: BB—HH : dd. And BB : DD:: BB—PP: aa, 


e Db p 
Ergo — = BB. And | — BB. 
| D - 4d DD —aa 


DD HH DD - 24 
C DD—add DDPP © 
This Æquation, being brought out of the Fractions, will 
become DDHH — a a HH=DDPP.. dd PP, which gives this 
Analooy HH: DD dd: : PP: DD — aa. Then DD aa, 
being ſubtracted from DD, will leave aa. But Circles Area's 
are in Proportion to the Squares of their Diameters, by Theorem 
6. Page 407. Therefore, Se. Q. E. D Then, from the Bung 
Area ſubtract one third Part of the aforeſaid Difference, vix. 
between the Bung Area and the Area of the Liquor's Surface; 
multiply the Remainder with the Liquor's Diſtance from the 
Bung, and the Product will ſhew what Quantity of Liquor is 
either above or under half the Content of the Cask. 


Example. Let us ſuppoſe a Cask of the ſame Dimenſions with 
that in the firſt Example, Page 451. and let it be required to 


 Cenſequently, 


find what Quantity of Liquor is in it (of Ale Meaſure) when 
there is but 9 Inches wet. Here half the Length of be 21 
- | nches, 


will 
this 
aa, 
rea's 


orem 
zung 
Dix. 
ace; 
the 


r 8 


with 
2d to 
when 
is 21 
ches; 


inches, whoſe Square is 441, and the Liquor's Diftance from 

the Bung is 21 —9 =12. Its Square is 144. The Difference 

between the Bung and Head Area's is 1,0917 (=2,7635— 

1,6718.) Then 441: 1,0917: : 144: 0,3564- 

And 2,7635 — 0,3564 = 2,4071 the Area of the Liquor's 
Surface. 


| Again 2 3) , 3564 (0,1188. And 2,7635 — 0, 1188 = 2,6447 


Then 2.6447 * 122 31,7364, what the Cask wants of being 
half full. Conſequently 50,39 — 31,73 = 18,66 will be the 
Quantity of Liquor in the Cask at 9 Inches wet in Ale Gallons. 

And if the Cask had wanted but 9 Inches of being full; 
then 50,39 + 31,73 == 82,12 would have been the Quantity 
of Liquor in the Cask. 

Note, Becauſe the two firſt Terms (viz. 441 and 1,0917 
in the Proportion are fix d, viz, continue the fame for any Di- 


ſtance, *twill be very eaſy to calculate the Area's of all the Circles 


betwixt the Bung and Head to every Inch, and by that Means 
to make a Table that will ſhew what Quantity of Liquor 1s either 
drawn out, or remaining in the Cask at any Depth. 


Caſe 2. To find what Quantity of Liquor is in any Cask, when i its 
Axis is parallel to the Horizon, viz. when it lies along. 


There are Variety of Tables to be found in Books of Gauging 
for this Purpoſe ; but I always obſerved, that the following Me- 
thod of computing the Ullage, by a Table of the Segments of a 
Circle, came very near the Truth in all Sorts of Ys which is 
thus perform'd : 

I. By the Bung and Head Da find ſuch a mean Diame- 
ter as you judge will reduce the propos'd Cask to a Cylinder, by 
the Method laid down in Page 453. 
tent, as in thoſe Examples. 

2. From the Bung Diameter ſubtra the mean Diameter, 
and half the Difference, (viz. divide it by 2.) 

3. From the wet Inches of the ae Ullage, ſubtract the 
aid half Difference, and call it x ; then obſerve this Proportion. 


As the mean Diameter : is to 100 (the Diameter of 
on the tabular Circle) : : ſo'is the laſt Difference (viz. x) 
: to a verſed Sine in the Table (Page 441.) 
Then if the tabular Segment, which ſtands againſt that ver- 
ſed Sine, be multiply'd i into the Content of the Cask, the Product 


Viz. 


will ſhew. the Ullage, viz. what Quantity of Liquor is either in 


the Cas k, or drawn forth. 
5 Example 
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And then find its full Con-. | 


\ 
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Example 1. Let the Cask be that of the ſecond Sort, in Page 
453. viz. whoſe Bung Diameter is 31,5 Inches, mean Diame. 
ter 29,05, and Content 98,71 Ale Gallons; and ſuppoſe there 

were 10,5 Inches wet in it, it is required to find the wet 
and dry Gallons? VVV 


0 


Here 37,5 29, 05 = 2, 453 its half is 1, 12. And 10,5—1,22=9,28 
Then 29,05 : 100: : 9,28 o, 319 V. Sine; its Segm. is o, 2748 
And 98, 71 X 0, 2748 227, 12 the Number of wet Gallons. 


Again 31,59—10,5=21 the dry Inches; and 21—1,22==19,58 
Then 29,05 : 100: : 19,78 : 0,68 ; its Segment is 0,724x 
And 98,71 X 0,7241==71,48 the Number of dry Gallons. 
Proof 71,48+27,12==98,6 the Contents of the Caſk very near; 
which plainly ſhews the Truth of this Method, = 


Thus far may ſuffice concerning Gauging of Backs or Coolers, 
Tuns, Coppers, and Caſks, c. To which I ſhall only add, 
that as the Contents of all Brewers Utenſils are to be computed 
by the Ale Gallons, ſo the Contents of all Diſtillers Utenſils 
I ix. all their Waſh-Backs, Stills, and Casks, &c.) muſt be com- 
puted by the Wine Gallon. „ 

And in gauging of Malt (upon which there is now a Duty of 
four Shillings per Buſhel) you muſt obſerve, That a Corn or 
Malt-Buſhel doth contain 2150, 42 cubick Inches; (See Page 42.) 
and therefore in gauging of Malt-Ciſterns, or other Veſſels, I Sey 
2150,42 will be a conſtant or fixed Diviſor for finding the Area's t! 
of right-lin'd Figures in Buſhels at one Inch deep, and 2738 ft 
will be a conſtant or fix'd Divifor for finding the Area's of circu- | 
lar Figures. 3 | 5 . 

I have omitted the Buſineſs of gauging Maſh-Tuns, and ta- 
king an Account of the Goods or Grains, in order to eſtimate iſl 
what Quantity of Worts were produc'd from them, &c. becauſe 
I could never find (by all my Obſervations) any Certainty there- . 
in; nor is it poſſible there ſhould be any, by Reaſon of the Phil 
great Difference that is in Malt (and its Grinding too) for the 
pelt Malt (well ground) will yield or produce the moſt Worts, 
and leaſt Grains; on the contrary, bad Malt (being ill ground) |.__ 
yields the leaſt Worts and moſt Grains. 
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Several 1 MzTHops of Conſtructing the 7 1 of 
the Lo G ARK IT HMS and 81 N ES, c. Alfo the Demon- 
ſtration of the A XIOMS and Doctrine of Plane 


TRIGONOMETRY. 


Extracted from the 8 


PPbiluſenbica! Transactions and the Wok ks 
of Dr. KE 1H, RONAYNE, WARD, &c. 


Cunfta Trigonus habet, ſatagit que dbeia Matheſis, 
= K. poco — 23 habet. 
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Nos: THE 
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p R E FT A c . 


HE Mathematichs md received confiderabl: 

g . Advantages ; firſt, by the Introduction of the In- 
dian Charatters, and afterwards by the Invention 
of Decimal Practi ons; yet has it fince reaped at leaſt as 


much from the Invention of Logarithms, as from both the 


other two. The Uſe of theſe, every one hnows, 7s of the 
greateſt Extent, and runs through all Parts of Mathe- 
maticks. By their Means it is that Numbers almoſt infi- 
nite, and ſuch as are otherwiſe impracticable, are manag- 
ed with Eaſe and Expedition. By their Aſſiſtance the 
Mariner ſteers his Veſſel, the Geometrician mveſtigates 
the Nature of the hi gher Curves, the Aſtronomer deter- 
mines the Places of the Stars, the Phi loſopher accounts 
for other Phenomena of Nature ; and laſtly, rhe Ujurer 
computes the Intereſt of his Money. 

The Subject of the following Treatiſe has been culti 
vated by FT AE Es of the firſt Rank; ſome of whom, 
taking in the whole Doctrine, have indeed orote learn- 
edly, but ſcarcely intelli gible to any but Maſters. Others, 


again, accommodating themſelves to the 1 if 


Novices, have ſelected out ſome of the moſt eaſy and ob- 


VIOUS Properties of Logarithms, but have left their 


Nature and more intimate Properties untouch'd, M. 
Deſfign therefore, in the following Tract, is to ſupph 
hy ſeemed ſtill wanting, wiz. to di ;ſcover and explain 
the Doctrine of Logarithms, to thoſe who are not 
yet got beyond the Elements of Algebra and Geometry. 
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"The wonderful Troention of Logarithms we owe to the 
Lord Neper, who was the firſt that cunſtructed and publiſh- 
d a Canon thereof, at Edinburgh, in the Near 1614. 
This was very graciouſly received by all Mathematicians, 
who were immediately ſenſible of the extreme Uſefulneſs 
thereof. And tho it is uſual to have various Nations 
contending for the Glory of any notable Iroention, yet 
Neper is uni verſally 2 d the Inventor of Logarithms, 
and enjoys the whole Honour thereof without any Rival. 

The ſame Lord Neper afterwards invented another 
and more commodious Form of Logarithms, which he af- 
terwards communicated to Mr. Henry Briggs, Profeſſor 
of Geometry at Oxford, who was hereby introduced as a 
Sharer in the completing thereof: But, the Lord Neper 
dying, the whole Buſineſs remaining was devolved upon 
Mr. Briggs, who, with prodigious Application, and an 
uncommon Dexteri ty, compajs'd a Logarithmic Canon, a- 


greeable to that new Form for the firſt tꝛventy Chi liads 


of Numbers (or from 1 to 20000) and for eleven other 
Chiliads, viz. from 90000 fo 101000, For all which 
Numbers he calculated the Logarithms to fourteen Pla- 
ces of Figures. This Canon was as pubhiſh'd at London: in 
the Year 1624. 

Adrian Vlacq publiſhed « again this Canon at 0 oudæ 272 
Holland in the Year 1628, with the intermediatè bi- 
lads before omitted, filled up according to Brigg's Pre- 


ſcriptions; but theſe Tables are not ſo uſeful as Brigg's, 


becauſe the Lygarithms are continued but 70 10 Places 
of Figures. 

M- Briggs al/6 has calculated the Logarithms of the 
Sines and Tan gents of every Degree, and the hundredtk 
Parts of Degrees to 15 Places of Figures, and has ſib- 
gained ts them the natural Sines, Tangents, and Secants, 
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15 I p . of Fram De Log 9 — F the Sines 
and Tangents are called Artificial Sines and Tangents, 
but the 8 nes and Tangents themſelves are called natu- 
ral. Theſe Tables, together with their Cunſtruction ( 
and Uſe, were publi bd after Brigg's Death, at Lon. | 
don, in the Year 1633, by Henry Gellibrand, and by 
him called Trigonometria Britannica. 
Since then, there have been publiſhed, in n Pla- 
ces, compendious Tables, 3 the Sines and Tan- 
gents, and their Lagari thms, confiſt of but ſeven Places 
of Figures, and wherein are only the Logarithms of 
the Numbers from 1 70 100000, which Gag be 4 ufficient 
Jer moſt Uſes. 
The beſt Diſpoſition of theſe Tables, in my Opinion, it Þ| tic 
that, firſt thought of by Nathaniel Roe, of Suffolk; I in 
and, with ſome Alterations for the better, followed by m 
Sherwin 7 in his Mathematical Tables publiſ d at Lon- 
don in 1705; wherein are the Logarithms from 1 10 fd 
101000 confiſting of 7 Places of Figures, To which ® 
are ſubjoined the Differences and proportional Parts, by 
Means of which may be founq eafily the Logarithms 7 
Numbers to 10000000, obſerving at the ſame Time 


that theſe Togarithms confif only of 7 Placer of Figures * 
Here are alſo the Sines, Tangents, and Secants, with do 
_ the Logarithms and Difer ences for every Degree and . 


Minute of the Quadrant, with ſome other Table of Le 
1 e a | 


s, H E 

4 

5 CONSTRUCTION 
by 0 F 

4 L O G A R 1 T H M S. 
Ul | 1 ES E moſt excellent and uſeful Numbers were firſt in- 
* vented by the famous and never to be forgotten Lord 


Neper, Baron of Murchiſton in Scotland, aforeſaid (Anm. 
15614.) who ingeniouſly contriv'd to perform Multiplica- 
, 7; tion and Diviſion of Natural Numbers, by only adding or ſubtract- 
Ik: Jing certain Artificial Numbers, which he called Logarithms, and 
7 te Extraction of Roots by dividing the Log. by 2 for the Square: 
by by 3 for the Cube: by 4 for the Biquadrate, &c. _ 
ON- This Invention of his (no doubt) proceeded from a mature Con- 
| 70 fideration of the Coherence that is betwixt Numbers in Geometri- 
hich cal Proportion and thoſe in Arithmetical Progreſſion. 
As in theſe following : 


, by 2 To . 3 4 5 wy 32. 64 128, c. Geometrical. 
5 6 „ e. Avrithmnetical. --- 
Dame It is very A bo, that, as the Numbers in the Geometrical 
res. Proportionals are produced by Multiplication or Diviſion, thoſe in the 
Arithmetical Progteſſion are produced by An, or Subtraction: As 
doth appear in this Example: 5 1 
And 2 = 128 128 — 32 = 4 Geometr, 
Vie, 4 3 = 7 or $ 7 — 3 = 2 Arithmet. 
1. 10. 100. 1000. 10000. 100008, c. Geometr. 
0. „„ 44˙ö i . mine 
The ſame Coherence is Webewint thels latter, as was between 
the two firſt Ranks. 


N. J 10990XI0==10000 100000-=I000=100 e 
3 3 +1= 4 7 1 3 — 2 Arithmet. 
Either of theſe Examples do ſufficiently ſhew the Reaſon and very 
Ground of Logarithms. 

And from the latter of theſe it was, that the prime Logarithms 
or Characteriſtics were firſt aſſigned. 


Again, 4 


* 


As 


* Free * 
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[Natural Num. Logarithms. | 
| 1 | 0,0000000 | 
To | I,0000000 | 
| Too | 2,0000000 | | 
I000 3,0000000 
I0000 | 4,0000000 | _ 
Iooooo | 5,0000000 | 


Having laid this Foundation, the next Work was to find ou 
the Logarithms of the intermediate Numbers fituated betwixt 1 
and 10, viz. of 2, 3, 4, 5, 6, 7, Ic. and of thoſe betwixt 10 and 
100, viz. of 11, 12, 13, 14, 15, &c. and fo on for the reſt, This 
was a Work of ſome Difficulty, and very laborious = 

The firſt Step in order thereunto (as I conceive) was to find out 
a Rank of continual Means betwixt 10 and 1, fo as that the laſt 
(and leaſt thereof) might be a mixed Number leſs than 2, and fo 
near I, as to have ſuch a Number of Cyphers before the ſignificant 
Figures thereof, as was intended the Places of Logarithms in the 
Table ſhould conſiſt of Which Means are to be found, by 
extracting the ſquare Root of 10 (having firſt annexed a competent 
Number of Cyphers thereunto 3) then extracting the Root of that 
Root, and ſo by a continued Extraction of Root out of Root, un- 
til there be a Root fo qualify'd as before · mention'd: Which, to 
make a Table to ſeven Places in the Logarithms, will require twen- 
ty-five ſeveral Extractions, the laſt of which will produce this 
Number, 1,00000006862 222m. | 

The next Step was to find out a Number betwixt (1) and (0) 
in Arithmetical Progreſſion, that might truly correſpond with the 
Mean before found (betwixt 10 and 1) ſuch a Number muſt con- 
ſequently be its Logarithm, And this may be found by a continual 
biſecting (or halving) of 1, ſo often as was the Number of the fore- 
going Extractions (to wit, twenty-five) the laſt of which Biſecti- 
ons will produce 0,000000029802322, c. the true Logarithm of 
| 1,00000006862238. | 83 4 | 

For as 1,00000006862238 by twenty-five continued Involutions 
(viz. firſt into itſelf, then that Product into itſelf, and ſo on ſuc- 
ceſſively) will produce 10; fo will 0,00000002980232, by the 
like Number of Doublings and Redoublings, produce 1. | 
This Mean (or Number) and its Logarithm being thus found, it 
will follow by Proportion, As the ſignificant Figures of this Mean 
: are to the fienificant Figures of its Logarithms : : ſo are the ſigni- 
ficant Figures of any Mean, - betwixt any given Number - 1: 
| ks having 


Place, 
brief , 
maki1 
by Res 
out of 
boriou 


e . 


8 
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(having Den Cyphers before ſuch Figures, as this hath) to the fig- 
nificant Figures of its Logarithm. To which muſt be prefixed ſe- 
ven Cyphets to complete it. After which, being doubled, and 
redoubled according to the Number of Extractions required to pro- 
duce its correſponding Mean, will at laſt diſcover the true Loga- 
rithm of the given Number. For the clearing of this, take an 
Example. 

Suppoſe it were dchvired to find the Logarithm of the Number 2, 
to ſeven Places. Firſt, by a continued Extraction of Root out of 
Root, beginning at 2, find ſuch a Mean, or Root as before, betwixt 
2 and 1, as will have ſeven Cyphers before its ſignificant Figures; 
which, after twenty-three ſeveral Extractions, will be this Number 
1,00200008 262958 Then, according to the foregoing Proportions, 
it will be 6862238 : 2980232 : : 8262958 : 3588557. To 
which prefix ſeyen Cyphers, as before directed, then will 
1,00000008269958 have for its Logarithm, ,00000003588557 3 
which being doubled and redoubled, as aboveſaid, will produce 
0,301 929979 958658, the true Logarithm of2; which being contract- 
ed to ſeven Places, according to the firſt Deſign, and agreeable to the 
ſeven Places of Cyphers, then it will become o, 3010299. But, in all 
the Tables that | rave ſeen, the Logarithm of 2 15 0,3010300 : I 
conceive the Reaſon is, becauſe the remaining Figures 9958658 
come ſo near Unity of the laſt Place in the retained Figures. 
And, by the ſame Method that this Logarithm of 2 is made, may 
the Logarithm of any other Number be found. But when once 
the Logarithms ofa few of the prime Numbers, viz. of 3. 7. 11. 13, 
Sc. (that is, of ſuch Numbers as cannot be produced by the mul- 
tiplying of two Integer Factors) are obtained, the reſt may be eaſi- 
ly compoſed by Addition and Subtraction only. For as ZXx 2 =6 
ſo Log. of 3 + Log. of 2. = Log. of 6. And as 10 2 5 
lo Log. of 10 — Log. of 2 = Log, of 5, The like of all Numbers 
that have aliquot Parts (that is, ſuch Integer Numbers as may be 
divided by Integers.) And indeed the Logarithms of ſeveral of the 
prime aides may alſo be obtained by Addition or Subtraction, as 
might eaſily be ſhewed, and is not difficult to conceive by any 
one, who but duly conſiders the Nature and Deſign of Loga- 
rithms, &c, of which I ſhall forbear ſaying any thing in this 
Place, and keep to my firſt Deſign herein, which was to give a 
brief Account of the ingenious Author's Method, as I conceive it, of 
making the ſame : who undoubtedly found it a very difficult Work, 
byReaſon there are required ſo many ſeveral Extractions of Roots 
out of Roots, which muſt needs render it both troubleſome and la- 
borious. Then to propoſe a different Method of railing the Loga- 

rithms 


_— a= LO x 1 


— 
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rithms of ſuch prime Numbers before-mentioned, — == require 


the Extraction of Roots to obtain their reſpective Means, with one 


tenth Part of the Trouble and 'Fime required by the foregoing Me- 
thod. And not only fo, but more exact; for, by our prefent Me- 
thod of converging Series, the Root of any Power, how high ſo- 
ever it be, is eaſily found at one ſingle xtraction; and thereby 
the Errors which would ariſe by extracting a Surd Root out of a 
Surd Root, eſpecially when oſten repeated, are avoided ; and con- 
ſequently ſuch a Mean, as may be required betwixt any Number 
and Unity, is thereby more exactly found. 

Now, how this may be performed, There intend toſhew, as brief. 


ly as I can. In order thereunto, take this as a Model. 


Let a=theRoot, orMean required betwixt anyNumber andUnity: 
| P3804; 40 a $6: 4 N 4. | 
1515 =D Das , Hen 
1 = 7 4264 4˙86 — —= 0 . 25¹ = = 0 a"50 
And fo on ſucceſſively with the Indices in Geometrical Progrefli- 
on, until the Power of a be made equal to ſuch a Term in that 
Progreſſion, as that the Root, or Value of a may have, betwixt U- 
nity and its ſignificant Figures, ſo many Cyphers, as are the in- 
tended Number of Places in the Logarithms. 


For Inſtance, let it be required to find the Mean between 10 and 


T, then the Power of a muſt be 453554 — 10, this Index 3355443? 


being the 25th Term in Geometrical Progreſſion, which may be 


thus, determined, 


Let 1, the Characteriſtic or Logarithm of x0, be divided by ſuch a 


Term in Geometrical Progreſſion, as will cauſe ſuch a Nuniber of 
Cyphers to be before the ſignificant Figures in the Quotient, as are 
required to be before the Figures of the Root a; ſuppoſe 7, as before, 
Then 1 L 33554432 = ,00009002980232, Cc. which is the 
true Arithmetical Mean (as before found, by a continual biſecting 


1 1) correſpondent to that ſignify'd by a; and therefore the Value 


of a found by extracting the reſpective Root of 10 == 93355443? will 
be the Mean required; viz. 1, 0000006862238 whefe Log, is 


,2009029029802 32, Theſe, being found, are the Foundation of the 


reft, as before, 


Then ſuppoſe it be required to find the Logarithm of any of the 
prime Numbers; if you pleaſe, that of 2. In'order thereunto, 


let + == the Root or Meanſought betwixt 2 and 1, as before; then 
mult @ be continually involved, as by the above Model, until its 
Index be equal to the greateſt Term in Geometrical Progreſſion, 
whoſe Number of Places of Figures are to be equal to the Number 
of required Cyphers before a, to wit 7. According to wa, the 

Rag | Powe 
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——ů | 
Power of a will be 4 8800s — 2 (this 8388608 being the 23d Term 


in Geometrical Progreſſion) conſequently -1 the e 8 of 


2 = 4*35% ill be the Mean required. 
| ; Example. 
Let rer 4 
Then will 7833608 + 83 88608 3333607 
+35184367894528 a 8 
uppoſe r= I. . 

Then 1 + 8388608e-- 5184. 678945 28e 2 
That is 8388608⸗＋-35 1843608 945 286 21 


Each Part being divided by the Co- efficient found prefixed to ee, 
viz, 351843, Cc. then it wh become 


. 
Conſeguenth 2. 
ay 4 0000002: 3 2 "Jan 


. . 


,0000000000000284 = —=D 
_ g00000023 248 (,00000008 == # 
+ ;= »00000008 —— | 
— — 36 
Diviſor 00000031 5 9 
Firſt r=1, 
T = 200000008 | 


—— 


ꝓ—— 


New r — 1,00000008 
which being duly involved, in the ſame Order as the Model de- 
notes, and multiplied into the reſpective Co-efhicients, will then 
produce theſe Numbers, 
Viz. 1,9563638967+16411168e-+68833416066289ee = 2 
Then 16411168-+68833416066285gee =,0436361033 
And ,0000002 8 Rad e 3393 20 


Cnſequenth . 5000002384 Fe 
$0600090099000506 3393 = =D 
„0000002384 480 (,0000900026 3 T; 

2 e = = 42009000026 


. — 15353 

Diriſor 000009240 ©; 4490 
Diviſor ,20000c 2410 93:0 

| 72 © 


WS. -- | Laſt 
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"Tak r= 1,00000008_ | 
—+ 6 == eee 5 


New r = 1,000009 08263 


I take only 1,0000000268 Dr; the which belbp involved, and 
ordered as before, will produce theſe following Numbers, viz. 

1,999503684867 ＋ 167730282 + 7035126745408 4 e = 2 
Then 167730282 + 70351 2674540846 000496315133 
e ee = 9990909000900590970 5481443 =D 


c — Conſequently 1 5000002383186 7 apap 
«<0 


090090209090090007044B 1443 = D 


,0000002384186 - -47686 (,00000000002 95==2 
＋e = ,0000000000295* - 
— 
Diviſor ,050c0023843 * 22146023 
Divifor ,000000238447 14019143 
. : — 11922405 
Diviſor ,0500092384481* — 1 
: | 20967380 (879 e 
Here I deſiſt forming a new 19075848 | 
Diviſor and make uſe of — — 
the Abridgment, 1891532 
e oo wo 1669136 | 
1 222396 
Laſt r = 1,0000000826 214596 | 


+e= $2000000000295879 —C 


a = 1,000000 0826295879 


This Value of a = 1,0000000826295879 i is the Geometrical 
Mean betwixt 2 and 1, as was required; (agreeable to that before 
found, by twenty-three ſeveral Extractions.) And by this Me- 

thod of proceeding, may be found the Mean betwixt 10 and 1, 
viz. 1,0000009686 2238, or betwixt any other of the (before- men- 
tioned) Prime Numbers and Unity, as might eaſily be ſhewed. But 
for Brevity Sake, I ſhall omit giving more Examples thereof, this 
one being ſufficient (eſpecially to the Ingenious) if well canſidered, 
and but once underſtood, to ſhew the Nature of, and Manner 
How. to proceed upon the like Occaſion, of finding any propoſed 

Mean, 
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* „ * — 


. The next Thing will be to find che Logarithm of the 


Number from whence ſuch Mean was produced, which may be 
thus performed, Ee 
Firſt, find its correſponding Arithmetienl Mean,” or Logarithm, 


by proportion (as in Pag. 462.) Then multiply that correſpon- 


ding Mean, ſo found, inte the Index Number of ſuch Power as 


the Geometrical Mean was produced from; that Product will be 


the Logarithm of the given Number (without a continued Dou- 
bling and Redoubling, as before.) For the clearing of this, let it 
be required to complete the Logarithm of 2. 

Having firſt found 1, ooooo005862238, the proper Geometrical 
Mean betwixt 10 and 1; alſo its correſponding Logarithm 
,0002000 2980232 (as before directed) with them, and the Mean 


betwixt 2 and 1, laſt found, viz. 1,0000000826295879 z make 


uſe of the above-mentioned Proportion (as in Pag. 463.) vi. 
6862238: 2980232 : : 826295879 : 358855729 

To which prefix ſeven Cyphers to complete | it (as before.) Then it 

will become ,0000000458855729. This Number being multi- 


plied into the Power of à (what that i is, ſee 1 465. ) Will pro- 


duce the Logarithm of 2. 
Liz. 0000000358855729 x 8388608 =0,301030903 91352 


But according to the firſt Deſign, it is required to have but ſeven 
Places, v1. 0,301300 which 1 1s the true Logatithm of 2 without 


any Defect. 
Thus I have preſented you with a new and ctpeditioun Method 
of making Logarithms ; which if they were required to fourteen 


or fifteen Places (I can modeſtly ſay) they might then be made 


with one twentieth Part of the Time and Trouble required by 
the firſt Method. 


Oooz METHOD 
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A New 7 able of Logarithms. Compos'd by Me. Lo x c. 


Finding the Logarithm by Diviſion only, and the Na- 
tural Number * to a eee by Multipli- 


cation _ 
Log. Nat. Num. Eq. Not. Non. 
' log 1J7.943282347 85555591 I 000207254 
„ s. 399573445] | 0,00008 7 1. ooo 184224 
| 2 5575 7 
1 7 15.11872336 o, ooo 1. 000161194 
Jo, 6 3.981056  f0,00006 1.000138 165 
40,8 1 DE; Be 4000006 1. 000115136 
0,4 142.5 11886432] fo, ooo 4 1.000092 106 
10,3 þr. 9952623151 [o,00003 1. 000069080 
0,2 - 11.584893 193] J0,00002 1 .00004 60g F! 
40,1 Ex 1258925412 o, 00 1 1 00002 3026 
0,09 141.23026877 1 0,000009 1. 000020) 24 
0,08 {1.202204435} TÞo,000008 1.0000 18421 
0,07 1574597877 o, ooo 1. 000016118 
,o J1.148453621 |,9-000006 | 1.000013816 
o, o8 1. 122018454] [0,000005 |1 0000116 13 
| 0,04. 1.096478196] fo, oooo | 1.000009210, 
n 10715 £0406! 105 | 0,000003 1.000006908 
10,02 e Joo, oooooz 1. 00004605 
9,01. | 1.023292992 10,00000t - | r,000002 302 
0,009. | 1.0209394834. 0,0000009- 1. oooo00 2072 
0,008 11.018591388 o, oo00009 1. 00000 1842 
0,007 1.016248694 0,0000007 1. 00000 1611 
0,006 .1.013911386] ſo, oooo006 | 1.00000138r 
$0,005 -1.011579454{ [o,0000005 1. 00000115 1 
| 0,004: 1. 00925 2886 0,0000004. 1. 00000921 
| Io, ooz 1.00693 1669 |] 0,0000003 | 1.000000690 
0, 002 1.004615 794 0, ooo000 2 1.0000004.00 | 
0,001 1. 0023052388 [0,0000001 | 1.0000002 30 
| 0,0009 1.002074475 o, 00000009 | 1,000000207 
| o, oo08 1.00 1843766 | 0,00000008 1. oo0000 184 
| 0,0007 1.001613109  0,00000007 | 1. 00000 161 
| 0,0006 11. 001382506 0,00000009 | 1 .0000001 38 
© 0,0005 1.001151956 0,00000005 | 1. 000000115 
| 0,0004 1. 000921459 0, 00000004. | I .00000009 2 
lo, ooo 1. 000691015 0,00000003 | 1 .000000009 
0,0002 1.000400623 0,00000002 | 1.00000004b 
[0.0001 1. 000230285 0,0000000t 1000000023 


1 


This 
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This Table I ſometimes make uſe of for finding the Logarithm 
of any Number propos d, and vice verſa, Suppoſe I had Occaſion 
to find the Logarithm of 2000. I look in the firſt Claſs of my 
Table (the whole Table conſiſts of 8 Claſſes) for the next leſs to 2, 
which is 2.995262315, and againſt it is 3, which conſequently is 
the firſt Figure of the Logarithm ſought, Again, dividing the 
Number propos'd 2, by 1.995262315 the Number found in the 
Table, the Quotient is 1.002374467 z which being look d for in 
the ſecond Claſs of the Table, and finding neither its Equal, nor a 
Leſſer, I add © to the Part of the Logarithm before found, and 
look for the faid Quotient 1.002374.467 in the third Claſs, where 
the next leſs is 1.002 305238, and againſt it is 1, to be added to 


the Part of the Logarithm eds found ; and dividing the Quo- 


tient 1,002374467, by 1,002305238, laſt found in the Table, 
the e Quotient is 1,000069070 3 which, being ſought in the fourth 


Claſs gives O, but being ſought in the fifth Claſs gives 2, to be 
added to the Part of the Logarithm already found ; and dividing 


the laſt Quotient by the Number laſt — in the Table, wiz. 
1,00004605 3, the Quotient is I, 000023015, which, being * 
in the ſixth Claſs, gives 9 to the Part of the Logarithm already 
found: And dividing the laſt Quotient by the new Diviſor, viz. 

I,000002072, the Quotient is 1.000000219, which being great- 
er than 1. 00000115 ſhews that the Logarithm already found, 
diz. 3.30 0299 is lefs than the Truth by more than half an Unit; 
wherefore adding 2, you have Brigg's Logaritharof 2000, vix. 
3. 3010300. 

If any Logarithm be given, ſuppoſe 3,3010300, throw _ 
the Characteriſtic, then over againſt theſe Figures 3...0..1. 
o, you have in their e 1998262315. . 
AA eee e x,000069080 ....0...0 which 
multiplied els into one another, the Product is 
2. 00000019966, which, by reaſon the Characteriſtic is 3, becomes 
2.000, 000019966, c. that is, 2000. the Natural Number deſired. 
I ſhall not mention the Method by which this Table is fram'd, be- 
cauſe you will eaſily ſee that from the Uſe of it. 

It is obvious to the intelligent Reader, that theſe Claſſes of 
Jumbers are no other than ſo many Scales of mean Proportional : 
In the firſt Claſs, between x and 10; fo that the laſt Number 
thereof, viz. 1,258925412 1 is the tenth Root of 10, and the reſt in 

order aſcending are the Powers thereof. So in the ſecond Claſs, the 

laſt Number 1,023292992 is the hundredth Root of 10. and the 
reſt in the ſame Manner are Powers thereof. So 1. 002305238 in 
the third Claſs, is the tenth Root of the laſt of the ſecond, and 


ber in the next fol 


multip 


Seen 7 Lo nazichms. 


the reſt its wank; e. Or, which is all one, each N in in 
the preceding Claſs, is the tenth Power of the correſponding Num- 

lowing Claſs: Whence tis plain, that to con- 
ſtruct theſe Tables requires no more than one Extraction of the 
fifth or ſurſolid Root for each Claſs, the reſt of te Work being 
done by the common Rules of Arnmetick: | 


470 
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METHOD Tv. 


Their Conſtruction, according to the common Rules, given by 


many Extractions of Roots, is tedious; the beſt IND yet known 
1s this which follows. 


To make a Table / phat 


Firſt, Put for the Logarithm of 1, a Cypher for the Index, and 
a competent Number of Cyphers fot the Logarithm, according to 
the Number of Places you would have your Logarithms conſiſt of ; 
for 10 an Unit, with the ſame Number of Cyphers ; for 100, 2, 
with as many Cyphers ; for 1000, 3, with as many Cyphers, Qc. 
 _ Secondly, Find the Difference between ſome two Logarithms a- 

bove 1000, or rather above Ioooo, that differ by Unity ; thus 

| 2 the two Numbers together, and that Product you muſt 
: ply again by 43429448190325183896 * which laſt Pro- 
duct divided by the Arithmetical Mean between both * umbers, 
the Quotient is the Difference ſought, 

Suppoſe we would find the Difference between the 1 10000, 
and 10001, the Product of theſe two Numbers is f. ooo oO. which 
multiplied by 4343 produced 43434343; this divided by 10000. 55 
quotes 4343. Now if to the Logarithm of 10000, 7 wh is 
4. 0000000, you add the Difference before found, to wit, 434, the 

Sum 4. 0000434 is the true Logarithm of 10001 to 7 Places. 
Thirdly, Having thus found the Difference of any two Logarithms 
differing by Unity, and conſequently ſome of the Logarithms by 
dividing the Difference found by the Arithmetical Mean, between 
any two Numbers differing by Unity, you ſhall have the Diffe- 
rence of the Logarithm of thoſe two Numbers. 

Thus to find the Difference betwixt the Logarithm of 274, and 
275; divide 4343, the Difference of the Logarithm of 10000, and 
1000 1 by 2745 the Quotient 15821, is the Difference ſought, 

Feurthly, Having by this Means found a few of the prime Lo- 

garithms, the reſt are made by Addition and nen and hav- 


ing 


* Which is the Subtangent of the Curve exprefſi 13 Brigg 5 Legarithms. See Keil s Trip 
Pag. 135. 140, &c, 


— 


* 


ing made che Canon upward, above 1ooo to 10000, by | Crna 
it is made for all inferior Numbers. 

The prime Numbers to which Logarithms muſt be found, in 
firſt Place, are theſe, 2. 3.7. 11.13. 17. 19. 23.29. 31.37 


41 +43 47.53.59. 61.67. 71 . 73 79. 89 . 97, Ge. or the 
ſame Numbers with Cyphers. 


But ſince it was very tedious and laborious, to find the Loga- 
rithms of the prime Numbers, and not eaſy to compute Logarithms 
by Interpolation, by firſt, ſecond, and third, &c. Differences, there- 
fore the great Men, Sir Taue Newton, Mercator, Gregory, Vallis, and 
laſtly, Dr. Halley, have publiſhed infinite converging Series, by 
which the Logarithms of Numbers to any Number of Places may 
be had more expeditiouſly and truer: Concerning which Series, 
Dr. Halley has written a learned Tract, in the Philoſophical Tranſ- 
actions, wherein he has demonſtrated thoſe Series after a new Way, 
and ſhews how to compute the Logarithms by them. But I think 

I it may be more proper here to add a new Series, by Means of which 
may be found, eaſily and eee the Logarithms of large 
Numbers. 

Loet 2 be an odd Number, whoſe Logarithm i is ſought ; then ſhall 
the Number z—1 and z -I be even, and accordingly their Lo- 
- | garithms and the Difference of the Logarithms will be had, which 
let be called y: Therefore, alſo the Logarithm of a Number which 
„is a Geometrical-Mean between z— 1 and z+ 1 will be given, 

Dix. _ to the half _ of the Logarithms. Now the Series 


. + = + + = + «ſhall 


» 

1 2423 5 1512027 25 200 8 
» | be wan to the Logarithm of the Ratio, which the Geometrical- 9 
5 | Mean between the Numbers z—1 and z+1, has to the Arithme- 

© | tical-Mean, viz. to the Number z. 


If the Number exceeds 1090, the firſt Term of the Series is 


$ 

7 | ſufficient for producing the Logarithm to 13 or 14 Places ot Fi i 4 if 
1 | gures, and the ſecond Term will give the Logarithm to 20 Places 38 
of Figures. But if z be greater than 10000, the firſt Term will 

exhibit the Logarithm to 18 Places of Figures; and fo this Series 

dss of great Uſe in filling up the Logarithms of the Chiliads omit- 

ted by Briggs. For Example; It is required to find the Logarithm 

of 20001. The Logarithm of 20000 is the ſame as the Logarithm 

of 2, with the Index 4 prefix'd to it; and the Difference of the Lo- 

garithms of 20000 and 20002, is the ſame as the Difference of the 
Logarithms of the Numbers 10000 and 10907, viz. 0.99994 34 27 2 

7687. And if this Difference be divided by 4z, or 85504, the 


Quo- 


n 


— 0. ©0000 00054281 


And if Us Loggritheri or the Get. 4. 30105 1709302416 
cal-Mean be added to the Quotient, the —— 
Sum will be the L 


Quotient L y ſhall be ———— 


Wherefore it is manifeſt, that to have. 

the Logarithm to 14 Places of Figures, there is no Neceffty of 
continuing out the Quotient beyond 6 Places of Figures. But if 
you have a Mind to have the Logarithm to 10 Places of Figures 
only, as they. are in Vlach's Tables, the two firſt Figures of the 
Quotient are enough. And if the Logarithms of the Numbers a- 
bove 20000 are to be found by this Way, the Labour of doing 
them will moſtly conſiſt in ſetting down the Numbers. Note, This 
Series is eaſily deduced from that found out by Dr. Halley ; and thoſe 
who have a Mind to be inform'd more in this N let them 
conſult his abovenam d Treatiſe. 


Mr. 1. A R D's Eaſy Method of making the Canon of 
| 1 Mines, Wen &c. 


Fun IRS 5 let me 8 two Things, that the periphery of a 
| Circle, whoſe Radius is Unity or 1, is 6.283185, &c. and 
that the natural Sine of one Minute doth fo quran, differ from 
| the = of the Arch of one Minute, that it may be > taken for 
tne lame 


(As the Periphery in Minutes : is to ſhe 
Periphery in equal Parts of the Radius: 
ſo is one Minute: to the Parts agreeing 
to that Minute. 


That is, 21600” : 6, 283185: : 1: 0,000290888 = : the Na- 
tural Sine of one Minute ; which agree with the largeſt Table of 
_ SinesT ever ſaw. 

' Having thus got the Sine of one Minute, its Co- ſine may be 
thus found: 


Conſequently, + 


Suppoſe 


ogarithm of 20001. 4. 30105, 1709845230 


> {he WW EY Y 


of- 


Radius, ſubtract the Square of the C 


' Making = Sines, Sc. 473 


Suppoſe RA=R8 the Radius of any Circle, SN=the Sine of the 
Arch SA. Then RN=CS is the Co- 
Sine of that Arch. But URS 
SN = UR N, conſequently | | 
/JYORS—OSN= RN. ” 

That is, From the Square of the ,\1 | 


Sine of 1”, the ſquare Root of the 
Remainder will- be the Co-Sine of — TT 
1 per Chap. 9. Propas. In Numbers, = 
the Sine of 1 is 000290885,its Square R NA 
is 0,000000084612 z > and 1 -— | 
0,000000084612 = 0,999999915388, the ſquare Root thereof 1 is 
599999995 = the Co- Sine required. 
The Sine and Co-Sine of one Minute being thus obtain'd, all 
the reſt of the Sines in the Quadrant may be gradually calculated 
by Mr. Michael Darys Sinical Proportions; which I ſhall here inſert, 
to the ſame Effect as they are in his Miſcellanies; and then explain 
and demonſtrate the Truth of thoſe Proportions. 

If a Rank of Arches be equi- different; 


As the Sine of any Arch in that Rank : is to the Sum of the 
Srnes of any two Arches equally remote from it on each Side: 

9 7s the Sine of any other Arch in the ſaid Rank : to the Sum 
of the Sines of two Arches next it on each Side; having the ſame 


common Diſtance. 


Immediately after theſe Proportions, he lays down the following 
Equations : 


Then 


Three Arches equi-different, being propoſed ; if (faith he) you - 


put Z == the Sine of the great Extreme, y = the Sine of the leſſer 
Extreme; ¶ = the Sine of the Mean; m = the Co-Sine thereof; 
D the Sis of the common Difference; 4 — the Co-Sine thereof; - 
and R = the Radius. 


EL: Then Z+y= = 2 25 Then 4 ky = mD * 
35 Then Z =MM—DD. 4. Then _ 1 


From the foregoing it is evident (faith ke) that if two Thirds, 
viz, either the former or latter 60 Degrees, or the former 30 Degr. 
and the latter 30 Degr. of the Quadrant be completed with Sines 3 
the remaining Part of the Quadrant may be completed bY Additi- 
on, or  dubtration only, 


P PP ä : Taus 


* 
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1 


Thus far is from the ingenious Mr. Dary, concerning theſe ex. ex- or 
cellent Proportions ; | ; Te 
the Truth whereof I „ | ma 
ſhall thus demonſtrate. . | ſo : 
ES ma 

In the annexed Cir- are 
cle DA=aa are Dia- ? 
meters, Ih ha Sab = whi 

be, are equal Arches, by 

1 Draw y/T parallel to Pr. 

Da; then will Ne = 

| LV. And the Ada c, RN 
like the 4 G fe, being of t 
both right-angled at c 3 
and e. and d , G 


becauſe ſubtended by 
the equal Arches a c = 


YH Fa. 

| Therefore da: de:: Gf : Ge. 
| Conſequently 1da : de:: 0: Ge. But Hh=Gf, whence HM e 
2 zG f, and 2 da the Radius, pAdc. Therefore it will be, J calle 
5 Radius: 2d, . GN+Ne=GN-+Lf. That is, as into 
( the Radius: is to twice the Sine d p:: ſo is the Sine HM: to the I nute 
Sum of the two Sines GN and FL = = fL. . D. 
I ſhall now explain theſe Proportions, and ſhew how they may | Any 
be applied in Practice: Having the Sine of one Minute, and its ren 
Co-Sine as before; let the Radius be made the mean or middle || ſured 
Term between thoſe two Extremes; then the Proportions will run {| cont: 


As the Radius : is to the double Corſi ine of one Minute: : ſo is LI : 
| the Sme of one Minute : to the Si ine of two Minutes, and of : os 
Thus < oO and fo is the Si ine of 2 :: to the Sum of the Sines of 3 * 


and 1 :: and fo is the Sins of 30: to the Sum of the 85 
| | Sines of „ an A 
1 And ſoon in a ſucceſſive Order, from Minute to Minute. End 


And then, if from the Sum of the Sines of 3 and I” be taken of th 
the Sine of I, the Remainder will be the Sine of 3”: And the like, 90 D 
if, from the Sum of the Sines of 4 and 27 be taken the Sine of 2. „J Circl 
there will remain the Sine of 45 &c. a Qu 

Proceeding on by this Method, all the Natural Sines in the Qua 4. 
Fb may be eaſily calculated by "Addition, and Subtraction only, | great 
For the Radius, or firſt 'Term in n the Proportion, being 1,0000000 | ment 
or 5 
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or or Unity, Diviſion 1 is wholly avoided : And becauſe the ſecond 


Term in the Proportion varies not, if a Tariffa, or ſmall Table be 


made thereof, to all the nine Digits, then Multiplication i is al- 
ſo avoided. F or, by the Help of that Tarifta, the whole Work 
may be perform'd by Addition and SubtraQtion, unti] all the Sines 
are gradually made, 


Thus you have an eaſy Way of making the Canon of Sines $ 


which being once done, the Tangents and Secants may be found 
by the following 

As the Co- ſine of any Arch : is to the Sineaf that Arch : : 
Proportions fois the Radius: to the Tangent of the 75 ame Arch. 


That is, by the firſi Scheme of this Problem, 


RN: S:: RA: TA. And RN: BS :: Rd: RT = the Secant 
of that Arch. | 


— — 


" Plane Tri conometry. 


DZzFINITIONS. 


Chee is ſuppos'd to be di- 
vided into 360 equal Parts, 
called Degrees; ; and each Degree 
into 60 equal Parts, called Mi- 
nutes; and each Minute into 60 
equal Parts, called Seconds, Oc. 
Any Portion of whoſe Circumfe- 
rence is ealled an Arch, and is mea- 


ſured by the Number of Degrees it 
contains. 

2. A Chord or Subtenſe is a ftrait 
Line, connecting the Extremities of 
an Arch; as BE is the Chord of the 
Arches BAE, BDE. 


3. A Sine (or Right-fine) is a ſtrait Line. drawn from one End of 


an Arch perpendicular to that Diameter paſſing thro' the other 
End; or it is half the Chord of twice the Arch; ſo BF is the Sine 
of the Arches BA, BD. And here it is evident, that the Sine of 
90 Degrees (which i is equal to the Radius or Semi- Diameter of the 
Circle) is the greateſt of all Sines, the Sine of an Arch greater than 
a Quadrant being leſs than the Radius. 

4. The Difference of an Arch from a Quadrant, whether it be 
greater or leſs, is called its Complement; ſo HB is the Comple- 
ment of the Arches BA, BD ; BI is the Sine of that Complement, 

pp and 


Wu bs eat nds * 
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and chercforc! it is called che Co. ſine, or Sine-Complement of the 
Arches BA, BD. 

35. . Fhe Secant of an Arch is a trait Line drawn from the dan 
ter thro* one End of the Arch till it meet with the Tangent, which 
is a ſtrait Line touching the Circle at the Extremity of that Dia- 
meter which cuts the other End of the Arch; ſo CG is the Secant, 
and AG the Tangent of the Arches BA, BD: And CA is the Co- 
ſecant, and HK the Co-tangent of the faid Arches, 

6. A Verſed Sine is the Segment of the Diameter intercepted be- 
tween the Arch and its Sine: Thus FA i is the Verſed Sine of the 
Arch BA, and FD of the Arch BD. 

7. Whatever Number of 

Circle is called its Supplement. 


Degrees an Arch wants of a Semi- 


8. That Part of the Radius which 3 is betwixt the Cakes and 


rt is equal to the Co-ſine ; thus CF is = IB, _ 
| If an Arch be greater or leſs than a 2 Quadrant; the Sum or 
Difference of the Radius and Co ſine is equal to the Verſed Sine. 
In a Triangle are fix Parts, viz, three Sides and three Angles : 
Any three of which being given, except the three Angles of a 
Plane Triangle, the other three may be found either Mechanical- 
ly, by the Help of a Scale of equal Parts and Line of Chords, or 
by an Arithmetical Calculation, if, ſuppoſing the Radius divided 
into any Number of equal Parts, we know how many of thoſe 
equal Parts are in the Sine, Tangent, or Secant of any Arch pro- 
pos'd : The Art of inferring which i is called Trigenanetry, and it is 


either Plane or Spherical. 


Plane Trigonometry is ſolv d by the Help of four fundamental Pro- 


poſitions, call'd Axioms. 
N Axiom I. 

In a Right-angled Triangle ABC, 
if one Leg of the Right-angle, as 
AB or CB, be made the Radius of a 
Circle, then ſhall the other Leg CB 
or AB be the Tangent of the Angle 
oppoſite to it, and the Hypothenuſe 
AC (or Side oppolite to the Right= ; 
angle) its Secant (by Definition 5.) 

But if the Hypothenuſe AC be 
made the Radius of a Circle, then _ 
will the Legs (or Sides including the 
Right- angle) to wit CB and AB be TX 
the Sines of the Angles oppoſite (by Detto 3 ) 


. | Upon 


V po n this jr a depends the Solution of the ſeven Caſes of 
Right-angled Plane Triangles. - 

Note, That the three Angles of a Plane Triangle make two 
Right Angles, or 180 Degrees, by 32. 1 Eucl. 

For the more eafy making the Proportions for the Solution of 
Right-angled Triangles, obſerve, that as different Sides are made 


Radius, ſo the other Sides acquire different Names, which Names 


are either Sines, Tangents, or decants, and are to be taken out of 


your Table. 


To find a Side, any Side may be made Radius: Then fay, as the 
Name of the Side given is tothe Name of the Side required 3 ſo f is 
the Side given to the Side required, 


Nane Trigonometry. _—_ 


But to find an Angle, one of the given Sides muſt be made "i 


dius ; ; then, as the Side made Radius, 1 is to the other Side; fo is the 
Name of the firſt Side (which is Radius) to the Name of the ſecond 
Side; which fourth Proportional muſt be found among the Sines 
or Tangents, &c. to be determin'd by the Side made ce and 
againſt it is the Angle required. 

The Proportions EY the Solution of ſcben Caſes of Plane Ricks 


angled Triangles. - + (See the next foregomg Fig. 
Gwen | . 2 (ee toms.) = WE Rad. Ok 
AB” TE MA 2 ABLBC-- TAG} TO. 
Aand BC | R: Tan. A:: AB: BC. AB 

C Co-. A: N AB: BC. | BC LE 
AB Poa "Coli KA: LAT —_T 
And Ac] R.: Sec. A:: AB: Ac. AB 2 

C Tan. KA. Cofe A:: * AB: AC. 15 
AB A- AB BT nf Ro | 

4" -and- Complement | is C. as 

BC C | DD: AB: N Tan; C. BC . 4 
tia _ Complement i 8 A. ES SE 
AB AB: BU R Tan. X; Ty x T. 
'BC| AC | CofiA: R ::AB: AC, or ps” © oh FR 

| VIOABFOET: =AC (pe 47 1. F ; 
| Eucl. | bo 

AB [Fad ACTH R Ac 7 
Ae AB: AC R Secant A. n 

„ f.:- 1 AG: AB :: A Colt. A; then | AC 
5 1 | af H= Dn: = BC. 2 | 22 
AC - . A: AC IF AC 5 
Aand } AB ] Sec. A: R : AC: AB. AB 7 
UE 3k Col. A; "2 + AG: AB, BC 


ny 
: * 
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Axiom III. Sum 

In any Triangle the Sides are rd to the 1 of the 2 
oppoſite . ik HEY Diff 
 Demunſfratin, M0. torts e 

A RR 3 E . 5 | PE * : ww, gent 

5 5 83 
1 — — ene a RE bee to t 


Produce the leſſer side of th Tein ABC, to wit AB toF, I thei 
making AF=BC : Let fall the Perpendiculars BD, FE, upon the Ang 
Side CA produc'd if Need be; then will FE be the Sine of the An- are 
ole A, and BD the Sine of the Angle C, to the Radius BC AF. fere 
Now the Triangles ABD and AF E, having the £ A common to t 

to them both, and the D ZE S to a Right-angle, are ſimi- 
aty wherefore (by 4. 6 Eucl. Elem.) AF (BC): AB:: FE: BD; 1 
Dix. :: Si. A: Si. ol E. D. Otherwiſe thus; by Ax. L AB: |} Pla 
R: BD: Si. A, and BC: R: BD: Si. C; 8 AB X Si. the 
A(=RxBD) e. ory wherefore AB: BC : 11 2 Leg 
Si. A. V E. ; met 
Aim III. LN, pen 
The Sum of the Legs of any Angle of a Plane Triangle i is to | opp 

their Difference, as the Tangent of half the Sum of the Angles op- 


x pan to thoſe Legs is to the Tangent of half their Difference, 2 E 

yy Demonttration. E 3 | of 

In the Triangle ABC 1 0 naſe | pen 

produce CB, the leſſer . \ 1 & 74! Rac 

'q Leg of the Angle B, till W. and 

4 BD becomes = BA, the \ * 

i greater Leg, and then bi- | the! 

1 ſe&CDinE; join Dand Ot! 

biſect it alſo in F; drawB AB 

F,which(byB. 1 uct. BL) ND IT 

l - willbeperpen. to AD; C_ - 1 'D 8 all 

i! and draw EF, which(by | oft 

|! 2. 6 Eucl. Elem.) will be parallel to AC. Then will the Angle the 

[ ABF = FBD =— ABD, which external Angle ABD is (by 32. ; 

. 1 Eucl. Elem.) = BAC + C, that is to the Sum of the oppolite ¶ liqt 
Angles required. 


Draw then BG parallel to CA, fo will the Angle GBA be (by 29. 


1 Fud. Elm.) equal to its Alternate one BAC; and if from _ the 
un 


8 
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Sum of the oppolite Angles 2 take the lefler Angle, i. e. It from 
£ ABF you take the GB „there will remain £ GBF--half the 
Difference of the oppoſite Angles: And ſo alfo, if from CE half 
the Sum of the Legs, you take CB the leſſer Leg, there will remain 
BE equal to half the Differenceof the Legs. And then ſince the 
AABF isRight-angled, if BF be made Radius, AF will be the Tan- 
gent of /. ABF (i. e. the Tangent of half the Sum of the oppoſite An- 
gles) ; and in the little A GBF, FG will be the Tangent of the / 
GBF(7.e. the Tangent of half the Difference of the oppoſite Angles). 
But the Segments of the Legs of any Triangle cut by Lines parallel 
to the Baſe, being (by Schol. to 2. 6 Eucl. El.) proportional; EC. EB 
+: FA: Fd; that is in Words, half the Sum of the Legs is to half 
their Difference, as the Tangent of half the Sum of the oppoſite 

Angles is to the Tangent of half their Difference: But Wholes 
are as their Halves; wherefore the Sum of the Legs is to their Dif- 
ference, as the Tangent of half the Sum of the Angles oppoſite is 
to the Tangent of half their Difference. Q: E. D. 


AG IV, ; we X 
The Baſe, or greateſt Side of any RE ha 
Plane Triangle is to the Sum of 
the Legs, as the Difference of the 3 1 
Legs is to the Difference of the Seg- B. f 


ments of the Baſe made by a Per-; 
pendicular let fall from the Angle 77 
oppoſite to the Baſe. 1 


Demonttration. 

From the B, on the Baſe AC, 
of the A ABC, let fall the Per- 5 
pendicular BD; on B, as a Center, with the greater Leg BC, as a 
Radius, deſcribe the Circle BxCyZ ; and produce AB to æ andy, 
and CA to Z. Then, by the 35. 3 Eucl. Elem, Ay x Ax is = AC 
x AZ; viz. ; BC — BA: X: BC BA: = AC x : DC—DA: 
therefore AC: BC BA:: BC — BA: DC— DA. 2. E. D. 
Otherwiſe, let the Difference of the Squares of the Sides BC and 
AB be taken and divided by the Baſe AC, the Quotient ſhall be 
the Difference of the Segments of the Baſe aforeſaid : Or, ſquare 
all the 3 Sides, and deduct the Square of one of the leſs Sides out 
of the dum of the other two Squares, divide half the Remainder by 
the longeſt Side, the Quotient is the Alternate Segment of the Baſe. 

The Proportions for the Solution of the fix Caſes of Plane ob- 
lique Triangles, See the laſt Fig.] 
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| Given. 1 — REES — 2 Ft Wy — 
BC A AB: BC: 81. 0. 8. A. 
and ho W Þ 


N. B. 1ft, If the given FRY be Obtuſe, the ache 2 | Aves hh are each 00 
-  2dly, If the Side oppoſite to the given Angle is * 5 than the Side oppoſite to the 
Angle fought, then is the Angle fought Acute; but if ſhorter, then is the ſaid Angle | 
doubtful, and may be either Acute or Obtuſe, becauſe both the Sine and its Complement d 
to two Right Angles are the ſame : Wherefore to be certain, of what Quality the Angle | 
oppoſite to the greateſt Side is. Take the Sum and Difference of the gr moe Side and 
Middle (or leaſt) and their Logarithms, if the half of them be equal to the Logarithm of 
the third Side, the Angle oppoſite to the greateſt Side is a Right Angle but if the Lo- 
garithm of the third Side be Vat than the haff it is Acute, if leſs, it is Obtuſe: Or, 
without Logarithms, multip y the ſaid Sum by the Difference aboveſaid, and extract the 


| Square Root, 
| Equal to Right 
: which if 4 Gieater than che third Side, then is the cl Ho". Obtaſe | 
— thr Acute 
ABT TT. AB:BC::N.C:N.A . 238 
BS AC Hence, by Subtraction, the 2 B will be] 2 2 ö 
and C known. "5 < 
| SLA: Si. B:: BC: AG. 3 1 
KT 2 5 1 
| | AB Si. A: Si. C:: BC: AB. | 2 - 
B  BC+AB: BC—AB: Tan. 2 Sum of 2 
AB}. the s oppoſite : Tan. + Difference | | 13 
BC | A and | of the As oppoſite. Then 4 Sum ++ 141 
3 Difference = greater / A; and! um |3| Wo 
e — Difference leſſer C. 18 
5 EEE RT the Angles by the laſt; | 3 1 
AB | AC then Si. C: Si. B:: AB: AC. 424514 
| e 1 1 
| I |. 
N BE | A | Thenz AC+: DC—z DA=DC. | | A 
Tz AC | B And AC: DC- DA: DPA. [6 | 4 
1 | © |} Then AB: AD::R:Cofi, A. 1 A 
= I And: B: D:: RUD. COG. A 
\ I band t8@-LA4CC=zzB.:|} A 
ö | Or mote readily at one Operation. — 
| From half the Sum of the Sides ſubduct each particular Side, and let the Sum of the IT 
Logarithm of the half Sum and Difference of the Side fabtenging the enquired Angle be | 
ſubducted from the Sum of the Log. of the other Difference and the doubled Radius, half a 
the Remainder ſhall be the Log. of the Tangent of half the enquired Angle, | wo 
Agreeable to this Axicm in Gellibrard's Trig. Britannica, p- 46, A 
As the Rectangle of half the Sum of the Sides and the Difference betwveen that half Sun: | 
and the Side oppoſi ite to the Angle required, is to the Rectangle of the other tæuo Remainders; | A 
fo is the Square of Radius to the Square of the Tangent of half the Angle ſought. = A 
Fx Angalis latera, wel ex lateribus Angulos & mixtim in Trias gulis tam plants guam | A 
5 Sphericis aſſegui, Summa Gloria Mathematict 5 Sic enim Cælum & Terras & Ma- | 
ria. felici S admirando calculo yr" © | Fran, Victa, | 
2 * '7 8. 
8 * br ö 70 
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—— how biſected 293 = 
at the Center. 306 ; 

at the Periphery ibid. 
Annuities: ,., dee Penſions. : 
Antecedent — 78 
Apothecaries Weights 32 
Arch, how biſected 293 
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Arithmetick 


Aſymptotes of a Hyperbola 365 | 


how drawn 395 

Averdupois Weight 32 
Axiom, what 291 
Axiome ya — 146, 301 
Axis of a Cone ä 362 
—— of a Sphere — 403 


— of a Sphergid — did. 
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Bick, its Area gauged 435 
Barrel, how gauged 449 
; Bartering Commodities 104 
Baſe of a Triangle — 288 
—— of a Cone 362 
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Beer Meaſure —— _ 35 
Binomial f — 155 
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Q q q Bi quadrate 


* 4 ' | * 2 
; i 


2 


* 
— — 
eee e g ene, 4 K 
. r N te Bc 220 e rr ne S. Yer ge Þ 2 


* 
—- AT 


Nane b its The ei 


Body. See Solid. 
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Calipers ſliding "449 
Garrafts of Gold and Silver 118 
Cathetus — 

Caſk gauged — 449 


Center of a Circle 286 
of an Ellipſis 364 
: common Particular ibid. 
Change of Order in Things 82 
Chord of a Circle 287 
Circle — 2286 
— its Propertis 315 
' —— how divided 356 


— its Area l 406 
the ſame gauged 4 185 


: es. of a Circle 
{Aw deſcribed. through three 
— how found — 347 
| Coefficient „ 
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W Meaſure 
Compaſſes Elliptical 375 
Ccoler, how gauged — 431 
Cone and its Sections 361 


Points 
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— its Content . 417 
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— its Content gauged 444 


Conjugal Hyperbolas 394 
6 364 —— inſcribedina Circle 346 
Conold. See Parabolick Conoid. 


Conjugate Diameter 


Conſequent —— 78, 187 
Conſtruction of Equations 324 
Copper, how gauged 448 
Corn Meaſure b 
Corollary or Cabins 291 
Cube Arithmetical = 


—— its Root extracted 131 


288 


Cube nn 402 


its Content found 414. 
Cubick. See Equation, 

Cylinder 402 
its Content found 415 


— its curve Superficies 416 


— its Content gauged 444" 
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Decimal Tables . 70 
Demonſtrat ion 291 
Denominato r 14138 


Diagonal of a r 290 
— its 2 in a Circle 316 


Diameter of a Circle 280 
— of an Ellipſis 3863 
Digit — 3 
Dimenſions 2, 123 
Direct Rule of Three 85 
Dividend — 22 


Diviſion of Integers ibid. 
—— of Vulgar Fractions 30 


—— of Decimals 65 
of Algebraick Integers 153 


— of — Fractions 


— of Surds 5 — 17 3 
Dibiſor . 221 


Dodecagon, how formed 269 
— its Area, how found 347 


Drip or * 5 a Tun 447 


Ellipſis — a6q 


— its Properties 367 
— its Parameter found 369 
— its Focus found 370 
Ellipſis how deſcribed 372 
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Elliptical Compaſſes 375 
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Equation — 175 
— Quadratick ſolved 194 
— theſame conſtrued 324 


Equations, Cubick, Biquadra- | 
237» 337. 
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Equilateral Triangle i 388 
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— its Area found 343 
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— of Fraftions 170 
Exchange of Coins 105 
Exponent. See Index. 
Extream | — 73 5 
Factors — 144 
F ellowſhip Single 99 
Double 101 
Figure in Arithmetick 3 
in Geometry 285 
Fraction Vulgar 48 
—— Decimal —— 57 
— Algebraick 145 
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Freehold or real Eſtate, how 


282 
Fruſtum of a Cone found 418 
—— the ſame'gauged 445 
of a Pyramid found 419 


purchaſed 


the ſame gauged 443 


Zone. 
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Geome — 2 
Globe. See Sphere. N 
Golden Rule Single 85 
— Double — 94 
Harmonical Proportion 189 
Heptagon — 290 
Hexagon — ibid. 


— bow both are formed 299 
Hogſhead, how gauged 449 


- Hoofs of Pyramids or Cones, 


their Contents found 420 


Hoofs, how gauged | 447 
Hyperbola #. 364 
its Pe 386 


— its Parameter found 388 
— its Focus found 389 


— its Aſymptot:s drawn 
TRY 395 
Hyperbolas conjugal 394 


Hyperbdlick Conoid 483 


Hypothenuſe 288 
Imperfe&t Cone 362 
Inching a Tun, &c. 447 
Inclining Lines — 284 
their Property 302 
Indices of Powers 124 
Infinites, their Arithmetiek 
3 397 
Integer Numeral - oh 
Algebraick 147 
Intereſt Simple 245 
Compound 253 
Interſecting Lines 202 
Inverſe Rule ſingle 91 
double 95 
Involution — 124 
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Mean proportional Line how 


Aeg e of Integers 15 

of Vulgar Fractions 35 

of Decimals 

1 of Algebraick 3 
150 


— of Algrorach Fractions 


168 


of Surds — 173 
Multiplier — 14 
Muſical Proportion — 189 

N. 
Negative. See Quantity, 
See Focus, 
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Involution of Algebraick 4 
gersk( 155 
—— of Fractions 170 

of Surds 174 

Irrationality — 144 
Iſoſceles Triangle 288 ; 

K. 


= 


of Integral Quantities 144 

— of Fractional Quantities 

. 163 

| Numerator — 4 
Oblate Spheroid „ 03 

Oblique. See Triangle. N 
of a Parabola 365 Oblique or Scalene Cone 362 
—— of a Hyperbola 360 . Obtuſe. See Angle. 
ack in Reverſions 271 Obtuſe Triangle 2788 
Lemma b 291 n r 19 
Linc Night, &c. 283 tagon erde 3 
—— how biſected 293 —— how formed - 299 
> how any "Way divided 
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Mathematicks I 
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- found 313 
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Mixed Numbers 50 

Multiplicand 14 
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Notation of Decimals 
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— its Area how found 345 


Oppoſite Angle — 304 
Ordinate — 364 
Oval r 
Outward Angle 304 
Oxygonium 1 288 
F | ul ; 
Parabola — 3864 


— its Properties 380 
— its Parameter found 381 


— its Focus found 383 
how deſcribed 384 
its Area found 427 
Parabolick Conoid 403 
— its Content 429 
—— the ſame gauged 452 
Paralle] Lines — 284 
- how drawn 294 
their Property 303 
Parallelograms — 289 
— how formed 2097 
— their Property 317 
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435 
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Parameter Righjgt 3864 


Penſions in Arrears clara | 


at Simple Intereſt © 248 


—— at Compound Intereſt 266 
Penſions, their preſent Worth 
N e at n e 


— at Compound Intereſt268 
Pentagon — 20 
—— how formed 2099 


— inſcribed in a Circle 343 


 —— its Area found 3344 


Perimeter of a Triangle 326 
of a Square 407 
Periods of Numbers 


of Powers 126 
Periphery. See Circumference. 
| Perpendicular —— 285 


—— how let fall 294 
how raiſed ibid. 
Pipe, how gauged 419 
Plane Geometrical 28 
In Mano, to deſcribe an Ellipſis 
WES > 
—— Pambols - 384. 
a Hyperbola 390 
Point Geometrical 283 
Points, to deſcribe an Ellipſi by 
374 
—2 Parabola 385 
a Hyperbola 392 
Polygons regular 290 
— how deſcribed 299 
— their Areas found 341 
Polygon irregular 290 
Powets — 123 
Prime Numbers 51 
Priſm 


— its ts Content found 414 


| Pyramid 


x Paüage. 
Problmm — 20ꝗ 
Product — 14 


Progreſſion Arithmetical 73 | 


— Geometrical 


Proportion Continued 2 7 6 ' 
——— Disjun&t, See Galden 


Rule. 
Proportion Compound 94 
— Duplicate and Triplicats 
192 


Nd Line, third. how 


found 313 
Fourth how found 314 


403 
— its Content found 8 


—— the ſame gauged 443 


Pyramidoid 403 
its Content found 430 


Pythagorick Theorem 308 


Quadrangle 316 
Quadrant 287 5 
Quantity — 2 
Simple and Compound 
„„ 
— Afirmative and Negative 
145 
Queſtions limited and unlimited 
| 170, 227 
uotient — 21 
2 1 R. | 
Radius — 286 
Ratio 76 
Reciprocal Proportion 91 
Rectangle Arithmetical 187 
Geometrical ᷑308 
Reduction Deſcending 43 
— Aſcending 45 


Reduction of Fractions 51 
Reduction of Equations 177 
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Reverſionsns —— 271 
Rhombus and Rhomboides 289 
— their Areas found 33 
Right-angled Triangle 288 
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310 


Right Chis 302 
Right-line — 283 
—— how cut intoExtream-and-- 

Mean Proportion 320 


| Right 1 mat Latus 
Rectum. 
| Sexlenous-Triangle 288 
Sector o&: 2 Circle | 287 
— its Area 406 


Segments of a Baſe 319 


Segment of a Circle 287 


— its Area gauged 444 
Segment of a Sphere 424 

che ſame gauged - "995 

Segment of a Spheroid 427 


Semicircle * ra 286 


307 
Signs Algebraic. 4, 5, 144, and 


227 
—— Geometrical 301 
Similar Triangles % 310 
their Properties © 318 
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Solid — 

Specifick Ganiy 35 9 
Sphere 403 
— its Superficies 4421 
— its Content 423 
— is Content gauged 445 
Spheroid — 403 
— its Content 426 
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298 
Standard bas Gold and Silver 
118 


Sterling Money 31 


Steps. See Regiſtring, &.. 
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Subſtitution — 194 


Subtraction of Integers 11 
—— es Weights and 5 
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— of Algebraick — ? 


— — of Algebraick Fraftions 


168 
—— of Surds — 172 
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Superficies or Surface. 285 
Surd — 128 
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135, 236 
Ren Surfold Root extracted 
e 
1 N 5 
Tangent Natural calculated 
350 
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— to . 7 355 


to a Hyperbola 393 
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Theorem 
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Time, its Mature 5 "My 
- Tranſverſe Diameter 34 
Tranſverſe Axis. 365 
Trapezium — 200 


— inſcribed in a Circle 316 
— . how formd 296 
— including a Circle 298 


— its Area — 404 
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Triangulate— 341 
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Tun, how _ 447 


Van Culen «Cir s Circum- 
ference 355 
Variation, dee Change 
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Vacs of a Cone 
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Unity 
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1. H E Poſthumous Works of Mr. Jon Ward, Author has of the 


8 Young Mathematician's Guide. In two Parts. I, Containing his 
new Method of Navigation by-Parallel Parts. By which all _ 


„in 


II. Containing the Doctrine of the Sphere and the Demonſtrations 


and Calculations of Spherical Trigonometry; in which the Con- 
ſtructions of the Figures are new, and drayn ſq as 'to/ repreſent. So- 
%% Cour ia. Es | 
II. An Introduction to Geography, Aſt 


4 # 


; ſtronomy, and Dialling ; 
Containing the moſt uſeful Elements of the ſaid Science, adapted to 


the meaneſt Capacity, by. the -Deſcription and” Uſe of the, Celeſtial 
and Terreſtrial Globes, with an Introduction to Chronology... The 
2d Edition, with large Additions. By George Gordon, price g - 


III. Aſtronomical Dialogues. between a Gentleman and a Lady: 
Wherein the Doctrine of the Sphere, Uſe of the Globes, and the Ele- 


ments of Aſtronomy 9 Geography. are explained in a pleaſant, eaſy, 
and familiar Way; With a Deſcription of the famous Inſtrument, 
*Ealled the Orrery; By John Harris, D. D. and F. R. S. price 3 5. 64. 


IV. Arithmetick in the plaineſt and moſt conciſe Method hither- 
to extant; with new Improvements for Diſpatch of Buſineſs in all 
the ſeveral Rules; as alſo Fractions, Vulgar, and Decimal, wrorght 
together after a new Method that renders both eaſy to be underſtood 
in their Nature and Uſe. The whole peruſed and 8 of by 
the moſt emirent Accomptants in the ſeveral Offices of the Revenues, 
wiz, Cuſtoms, Exciſe, Ic. as the only Book of its Kind, for Variety 
of Rules, and Brevity of Work. By George E;/ber, Accomptant. The 


' 5th Edition, with large Additions and Improvements, 12mo, price 


25. 6 d. | . : 9 
V. A Compendious Courſe of Practical Mathematicks; particular- 
ly adapted to the Uſe of the Gentlemen of the Army. In 3 Vol. pr. gs. 

Arithmetick in Epitome; or, a Compendium of all its Rules, both 


Vulgar and Decimal, in two Parts. The 4th Edition, price 2 5. 6 4. 


An Eſſay on Book-keeping, according to the true Italian Method of 


Debtor and Creditor, by double Entries, wherein the Theory of that 


excellent Art is laid down in a few plain Rules; and the Practice made 
evident and eaſy by variety of intelligible Examples. The whole in 
a Method new and conciſe. The 4th Edition corrected, price 1 5. 6 d. 
| (Theſe three by William Webſter, Vriting-Maſter.) 
VI. A Treatiſe of Algebra, with the Application of it to a Va- 


Tiety of Problems in Arithmetick to Geometry, Trigonometry, and 


Conick Sections. With the ſeveral Methods of ſolving and conſtruct- 
ing Equations of the higher Kind, tranſlated from the Latin. By. 
Chriſtian Wolfius, Chief Profeſſor of Mathematicks and Philoſophy in 


the College of Magdeburgh in Germany, and F. R. S. price 5 5, 


